C+D Dependability 


it follows through on every job... 


The C & D Hot Top we recommend for you will be pre- 
scribed only after a close-up study of your individual situation 
—will be customized to fit your job. C & D service will then 
follow through in your plant to assure you of the maximum in 
sound killed steel—of ingots uniform in quality—of deliveries 
as required. In short—dependability—every time—since 1929. 


FERRO 
NGINEERING DIVISION 


OGLEBAY NORTON COMPANY 
1400 HANNA BUILDING 
CLEVELAND 15, OHIO 


SEPROM. 72 Avenue Jean-Jaures (Suresnes), Paris Exclusive Licensee for France, Beigium and Luxembourg * London & 
Scandinavian Metatiurgical Co., Ltd.. 39 Wimbiedon Hill Road, London S. W. 19—Exciusive Licensee for Great Britain « Geselischaft 
fur Elektrometaiiurgie, M. B.H.. Grafenberger Allee 56, Ousselidorf 22-A, West Germany — Exciusive Licensee for West Germany 
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PERSONNEL 


& These tems are listings of the Engineering 
Societies Personnel Service, Inc. This Service. which 
¢ perates with the national societies of Civil 
Electrica Mechanical, Mining, Metallurgical, and 
Petroleum Engineers, is available to all engineers 
members and non-members, and is operated on 
@ nonprofit basis. If you ore interested in any of 
the se stings, and are not registered, you moy 
apply by letter or resume and mail to the office 
nearest your plac of residence, with the under 
standing that should you secure a position as a 


esult f these list mgs you will pay the regular 
employment fee of 59% of the first year’s salary 
tf @ non-member 4 if a@ member Also, that 
you w agree to sign our placement fee arrange 
ment which will be mailed to you immediately. by 
ur tice ofter receiving your application In 


nding applications be sure to list the key and 
b number 

When moking application for a position in 
clude eight cents in stamps for forwarding ap 
plication to the employer and for returning when 


A weekly bulletin of engineering positions open 
is available at a subscription rate of $3.50 per 
quarter or $12 per annum for members, $4.50 per 
quarter or $14 per annum for non-members poy 
able in advance. Local offices of the Personne! 
Service are at 8 W. 40th St.. New York 18: 57 
Post St.. San Francisco; 84 E. Randolph St.. Chi 


— MEN AVAILABLE — 


Sales or Plant Manager, B.S. Met 
Engr. and Bachelor Foreign Trade, 
age 35. Administration—Sales. Nin 
years sales and supervisory experi- 
ence in metals, metal working, proc- 
ess equipment, industrial gas. Four 
Latin America. Fluent 
Spanish. Location, domestic or for- 
eign. M-201 


years in 


Metallurgical Technician or Engi 
neering Aide, age 24, working to- 
wards bachelor of metallurgical en- 
legree at night: has com- 
redits and taken courses 


plete d 95 


in physical, mechanical, electro 
metallurgy, ferrous and non-ferrous 
allurgy. Desires position involv- 
ing physical or mechanical metal- 
lurgy. M-202 


— POSITIONS OPEN — 


Metallurgy Engineers. a) One for a 
development and research depart- 
ment, M.S. in Metallurgy or Metal- 
lurgical engineering preferred, with 
a minimum of three years experience 
in problems pertaining to foundry, 
machine shop and welding. Salary, 
$7800 a year. b) One for alloy divi- 
sion M.S. in Metallurgy or Metallur- 
gical engineering preferred, with a 


minimum of three years experience 
on research projects pertaining to 


elevated temperature heat, corro- 


sion and special analysis on steel 


castings. Must be able to follow 
through and direct research projects 
Salary, $6600 a year. Location, west- 
ern Pennsylvania. W6660 


Metallurgists. a) Research Metallur- 
gists with good background in in- 
organic chemistry, one to ten years 
experience. Will lead to assist in 
projects in hydrometallurgy, pyro- 
etallurgy, and mineral beneficia- 
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tion. Salary open. b) Physical Met- 
allurgist with five to ten years ex- 
Background in powder 
netallurgy and related fields of par- 
icular interest. Will head up proj- 
ects. Salary open. Location, western 
Canada. F6652 


perience 


Metallurgical Engineer with one to 
three years experience in copper and 
brass fabrication plants. Salary open 
Location, central New Jersey. W6650 


Physical Metallurgist for a fully in 
tegrated, modern aluminum plant, 
with three to five years experience 
in aluminum (or non-ferrous metal) 
especially in casting and rolling de- 
le; if recent graduate, Master's 
iegree minimum requirement. Ap- 
ply by letter, gi 
formation 


W6588 


ing complete in- 
Location, Mid-South 


Instructor in nuclear metallurgy as 
part of M.S. program in nuclear en- 
g: Ph.D. degree preferred 
Background in one or several of the 
following fields also desirable: X- 
ray Thermodynamics, Mechanical 
Metallurgy or Solid State. Research 
support. Salary and rank open. Lo- 
cation, Midwest. W6529 


pineerin 


Engineers. a) Production Specifica 
tions Engineer, degree in metallur- 
gical engineering or mechanical en- 
gineering, with eight to ten vears 
experience in solving production 
problems in foundry, 1 

ing, forging and sheet n 
tion. Must be strong in the prepara- 
tion of manufacturing i 


and the determination of types of in- 


olling, swag- 


etal fabrica- 


spection and procedures to insure a 
high quality product. Salary open 
b) Quality Control Engineer, grad- 
uate metallurgical or mechanical en- 
with courses in industrial 
management and manufacturing 
special training in sta- 
tistics, quality control and analysis 
of data. Three to five years in shop 
methods work, 


ginee! 


proc esses 


trouble shooting 
processes engineering and quality 
control, to make economic studies of 
losses, setup to collect inspection 
data for identifying sources of de- 
fects, etc. Salary open. Location, 
New York Metropolitan area. W6508 


Department Head for a school of en 
gineering; Ph.D. required, to head 
up metallurgical work. Must be a 
promising young man who recently 
secured Doctor’s degree in metallur- 
gical engineering. Salary open. Loca- 
tion, South. W6455 


Metallurgist, B.S. or MS., with at 
least three years in research. Will 
prepare, under supervision, research 
programs; with aid of technicians 
prepare tests and write formal re- 
port at end of research. Field of re- 
search includes supervision of creep 

(Continued on page 756) 


Welding Metallurgist 
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T. A. Abbott, Menoger 
Engineering Administration 
Stendard Oil Company iIndiano 
2400 New York Ave Whiting, Indiono 


New Nuclear Core Operation 
at The 
Knolls Atomic Power 
Laboratory 
opens outstanding 


opportunities for 


METALLURGISTS 


netal 


apply 


process 


process evaluation 


You'll find excell 
readily available “ liberal relo 
cation allowances apply. U.S 


citizenship required 
Salary commensurate with 


background 


Send complete resume and sal 
ary requirement in confiden 
to 

Mr. A. J. Scipione, 


Dept. 37-MX 


Knolls Power Laboralory 
GENERAL ELECTRIC 


Schenectady, N. Y 


Sg 
} 
| 
- 
| 
cago 
AS 
— 
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af. af. 
If vour experience includes 3 
to 5 years in process iil 
—$ lurgy, you are invited to Hi 
for openings in BE deve 
non-destructive test and sul 
face chemistry. Minimum, BS 
in Metallurgy is required 
4 


‘MAKING BETTER § 


R STEELS 


TEEMING 


... top quality steel from ladle to ingot climaxes another job ee: 
well done by melters who know every trick of their trade. 
Experienced melters have also discovered that GLC GRAPHITE aS 
ELECTRODES with ‘‘weld-strength” Unitrode* nipples help make better ce 
steels at lower cost. : 
FREE—This illustration ef one of the skills employed by the men who make Sad 
the metals has been handsomely reproduced with no advertising (ieee 
text. We will be pleased to send you one of these reproductions 
with our compliments. Simply write to Dept. M-12. < 
ELECTRODE 
GREAT LAKES CARBON CORPORATION 
® 186 EAST 46TH STREET, NEW YORK 17. N.Y. OFFICES IN PRINCIPAL CITIES 
DIVISION 


hesearch and Advanced Develop 


NEW APPROACH 
T0 
“OLD” MATERIALS 


more than a descriptiwe title at A 


It is a concept that promotes creatu ily. 


For information on unusual career 


oppo anitie J erce plronatiy 


Scientific and Technical Relations, 
Avco Research and Advanced De clopme nt Div.; 
201 Lowell Street, Wilmington, Mass. 


\ 
\ | 
| iw | | | 
By today’s standards, the “old” refractory 
. i“ metals are outdated. The ult te in 
is several gene = be ‘ 
o | of modern a tand ssie development, 
anvthing et spone | LOS t venrs gu 
Molvbdenu ind berviliu for exa le, 
ve } are st exciting etals use 
aircraft. It now app that 
2 \ wit ther mate stot totally new 
\ f tvpes of structural te is 
new potent i itions tor ny 
hese bold steps forward are possible 
i at Avew vhere materials researc! neludes 
concurrent basic studies and applied 
extend through the solution of processing 
The search for new knowledge goes 
he creat e mal vhether he interested in 
i 2 “ } i i lth til 
from other related helds 
j Researc} and {drance / Der opme nf is 
- 
‘ 
‘ 
é 
qualified scientist engineers, 
write to: Dr. R. W. Johnstor 
| 


Roof of TAYCOR Ramming Mix for 1000- 
Ib. direct arc furnace after 254th heat. 


DIRECT ARC ELECTRIC FURNAC! 
a 


plastic firebrick roots 


mullite plastic 
116 heat average 


254 heats 
t 


gained by TAYCOR roofs 
for direct arc furnace 


The Fahralloy Company, Harvey, Illinois, oper- record to 254 heats, some of them up to 3600-Ib. 
ates a 1000-lb. basic direct arc furnace, melting triple sized ones 

30-35 heats of heat and oo resistance alloys Among the TAYCOR advantages reported by 
per week. Usual charge is 1500 lbs. , 


Fahralloy are: 


After changing from acid to basic furnace prac- Longer roof life 
tice, tests were run with the following results: No dripping 

Silica roofs averaged 13 heats. Super-duty plastic Longer sidewall life 
firebrick roofs averaged 33 heats. Rammed roofs Less slag 


of competitive mullite plastic averaged 116 heats. 


Try TAYCOR Ramming Mix for your next 
The first TAYCOR rammed roof set a record of direct arc roof. Let the Taylor field engineer in 
241 heats. The next TAYCOR roof jumped the your area give you full details 


Exclusive Agents in Canada: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 
Hamilton and Montreal 


CHAS. TAYLOR SONS. 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 
REFRACTORIES SINCE 1864 © CINCINNATI * OHIO « U.S.A. 
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Positions Open imum of ten years experience com- 
bined operations and research in 
(Continued from page 752) non-ferrous minerals beneficiation 

To have line control of principal ore 
dressing laboratory and pilot plant A S| 
and stress rupture testing; deter- and functional control over metal- 
mination of best heat treatment and lurgy at five operating concentrators 
welding practice for suitable alloys; Conduct special plant studies; make 
corrosion test various alloys; in- 


PHYSICAL METALLURGISTS 


economic evaluation and flowsheet Here is your opportunity to grow with o 
vestigation of service failure, pre- and basis of designs for new plants young, expanding subsidiary of the Ford 
vention recommendations, and re- and additions. Married or single Motor Company. Outstanding career oppor 
search on hard facing materials. Sal- Salary, $7800-9600 a year. Employer tunity is open in Aeronutronic’s new RE 
ary open depending upon experience 7 ] 2 SEARCH CENTER, overlooking the Pacific 
ct Newport Beach, Californic. You will 
hove all the advantages of a stimulating 
mental environment, working with advanced 
equipment in a new facility, located where 
Metallurgical Engineer-Uranium you can enjoy California living at its 
Senior Metallurgist, B.S. and MS Mill, B.S. or M.S., with experience finest 
in mineral dressing or metallurgy in extractive and hydrometallurgy: PHYSICAL METALLURGISTS. for research 
from recognized mining school; min- (Continued on page 763) and development in high temperature mo 
terials. Advanced degree and minimum of 
3 years experience, including X-ray dif 
fraction, metallographic inspection and ex 
perimentation with ultra-high temperoture 
physical properties. Familiarity with pow 
der metallurgical techniques preferred 


Qualified applicants are invited to send 
resumes ond inquiries to Mr. L. R. Stapel 


AERONUTRONIC SYSTEMS, INC. 


@ subsidiary of Ford Motor Compony 
1234 Air Way, Bldg. 18, Glendale, California 
CHopmen 5-665! 


~ pays placement fee. Location, Peru 
Employer may negotiate placement S3901R 

fee. Location, southern Chicago area 

C7062A 


AN D 


STOOLS METALLURGISTS 


PHYSICAL 
CHEMISTS 


Valley Mould and Iron interesting Opportunities 


In the Field of 
LIQUID METAL 
> FUEL REACTOR SYSTEMS 
Corporation Exist at a Laboratory Engaged In 
FUNDAMENTAL & 
APPLIED RESEARCH 


Hubbard, Ohio ON NUCLEAR 


REACTOR COMPONENTS 


PHYSICAL CHEMISTS 


bed For Research And Development On 
Graphite, And Materials Problems 


METALLURGISTS 
W ° For Work On Moterials Research 
orks: Liquid Metal Technology 
Metallography and Effects 
of Radiation on Materials 


Chicago, Candidates should have 


an advenced degrve or exp 


SEND COMPLETE RESUME 
to Employment Supervisor 


Cleveland, Ohi 
BROOKHAVEN 
Hubbard, Ohio NATIONAL LABORATORY 


ASSOCIATED UNIVERSITIES, INC 


UPTON, L.I., N. Y. 
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Unlimited 


for industry 


With the world’s largest raw material reserve of columbium, MCA can now 
assure steelmakers that columbium is readily available in quantity and will 
continue to be in plentiful supply for future needs. 

New uses for columbium have recently been announced by steelmakers 
Smali amounts give greatly increased properties for strip, sheet and plate 
steel. In Type 347 stainless, for example, long recognized for reliability in 
corrosion resistance, manufacturers no longer are faced with imposed restric- 
tions requiring the use of substitute materials. Welding rods destined for 
severe service offer another advantageous use for columbium. 

MCA has developed a new low melting ferro columbium for open hearth 
use. We are prepared to give metallurgical and technical advice on its appli- 


cation for mold and ladle additions. 


Srant Buildi CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicogo, Los Angeles, New York, Son Francisco 
Soles Representatives: Brumley- Donaldson Co., Los Angeles, San Francisco 
Subsidiory: Cleveland. Tungsten, inc., Cleveland 
Plants: Washington, Pa. York, Pa. 
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Formability-—1.. days of old, when knights were 
bold, they also were smart. When their very lives 
depended on a tool or a weapon, they made sure it 
was made from steel. It could be a great claymore, 
hefty enough to behead a horse; a bright suit of armor 


that would turn the Saracen’s arrow; or an ornamental 


castle gate, strongly made to frustrate the assassin. 

They wanted steel because it was strong. They 
could use it because it was formable. Truly, there is 
no economical metal in all the world that can approach 
steel’s combination of strength and formability. 

With the near-magic of heat treating, you can 
soften steel and form it, then harden it to make it 
strong, then temper it to make it tough. Or form it 
cold. Use bending, flanging, deep drawing, spinning, 
cold heading, die drawing, rolling, wiper forming, 
draw rolling, stretch forming or bumping. In fact, 
it’s hard to imagine any forming operation that can- 
not be performed on steel. 

Fortunately, there are hundreds of different kinds 
of steel; and they all act differently in the fabricating 


shop. Everything you do to steel alters its forming 
properties, and every forming operation alters its 
physical properties. 

The aim of the product designer is to find a steel 
that can be properly formed, that has the right 
strength, toughness, corrosion resistance, weldability 
or other characteristics required . .. at the most favor- 
able cost. If you have a design problem and the comp- 
troller is looking over your shoulder, take hope from 
this idea: there is one “best” steel for any design 
application. You can be sure of finding it among the 
great family of USS Design Steels: Carbon, High 
Strength, Alloy and Stainless Steels. 

If you need help in making your selection, ask a 
company that has produced well over a billion tons 
of steel, and has spent hundreds of millions of dollars 
to learn more about this most versatile of man’s 
metals. Of course that means United States Steel 
Corporation, 525 William Penn Place, Pittsburgh 


30, Pennsylvania. 


United States Stee! Corporation « American Steel & Wire + Columbia-Geneva Steel « National Tube U it d St t St | 
Tennessee Coal & Iron « United States Stee! Supply « United States Steel Export Company ni e a es ee 


| 
| 


Lower Left Problem: Build a power shovel dipper stick with 


greater strength and shock resistance Solution: Bucyrus- Erie Com 


pany designed a tubular stick made from USS “T-1" Constructional 


Alloy Steel. Payoff: The “I Steel plates were easily cold formed 
into a tube and butt welded The tubular design and stronger stee! 


assured great strength and shock resistance and easy fabrication 


Lower Middle—Problem: Produce strong, heat resistant, corrosion 
resistant jet engine rings —economicauy Solution Alloy Manufa 
turing Company carefully selected » of USS Stainless Steel 


Payoff. The rings resist heat and corrosion and they are economically 


roll-formed because the Stainless Steel is formed on “carbon steel 


equipment 


Lower Right — lrobler Design a preasure tank that is just as strong 


but lighter than conventior carbon steel tanks. Solution: Manufac 


turer selected USS Man EN High Strength Steel. Payoff Man-TEN'S 
greater strength (50°) higher yield point than carbon steel) permitted 
jesign of a thinner-walled tar h i ’ lighter. And because 
Man-TEN tank is economically produce 
cold press forming of circul blanks into seamless shells, 29° in 
jiameter and 24° dee 


re registered ¢ 


Uss 7 rnd Man-Te marks 


@) 


remote roof 
cylinder mounting 


Electrode superstructure inte- 
gral with tilting portion of fur- 
nace, eliminates any possibility 
of misalignment of electrode 
columns from shell or roof dis- 
tortion. Rugged time proven 
cylinder for plowing through 
toughest scrap. No damage to 
cylinder from hot metal 
splashes, scrap or runouts. Roof 
opens completely with minimum 
rotation—no cross-over and foul- 
ing to secondary flexible cables 
Improved lift stroke facilitates 
swinging roof over pyramided 
scrap, Low center of gravity 
to furnace. Improved wheelbase 
and better protection for mast 
guidance 


ENGINEERING SERVICE swindett-dressier mechanical tilting 


Corporation provides a complete engineering 
service for the steel industry in the design and 
construction of new plants, and modernization 


Eliminates the foundation ex 
pense, fire hazard, mess, and 
maintenance of hydraulic cy! 


of existing facilities. Consultations arranged inder tilting. Provides variable 
gladly on request. speeds of tilt to 1° per second 
Safe, dependable, time-proved 


engineered to be out of danger 


of damage by hot slag, runouts 
etc. Minimum maintenance, 
maximum accessibility. Fail- 
safe design permits emergency 
manual! tilting from safety of 
operating floor 
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flush door 
mechanism 


Permits rapid charging through 
fast, accurate placement and re- 
moval of charging bucket with- 
out maneuvering. Prevents 
damage by charging bucket or 
magnet to door guides, hoist 
mechanism and drives. Door 
cheeks and guides are designed 
to permit greater access to all 
of hearth area for maintenance 


3 point 
roof suspension 


Distributes roof load equally to 
water-cooled roof suspension 
beams —prevents roof ring dis- 
tortion in lifting— permits roof 
to “float,”’ safeguarding elec- 
trode alignment if shell side- 
walls expand, yet is rigid in hori- 
zontal plane to guard against 
damage if swinging roof collides 
with pyramiding scrap. Over- 
size diameter roof ring of ex- 
clusive I-beam design 


IN ELECTRIC ARC MELTING PERFORMANCE 


expendable shell 
panel construction 


Localizes any shell damage 
safeguards balance of furnace 
and its alignment. Panels can 
be easily replaced without dis- 
turbing refractory sidewalls 
Panels can “‘breathe”’ for expan- 
sion and contraction. Water- 
cooled annular ring ties heavy 
buckstays at parting line 


ELECTRIC ARC MELTING FURNACES 


SWINDELL-DRESSLER CORPORATION 


DESIGNERS AND BUILDERS OF MODERN INDUSTRIAL FURNACES 
PITTSBURGH 30, PA. 


‘ 


Keep Your 
Furnaces Operating! 


Now that steel production is getting back 
to normal, you can meet the new produc- 
tion challenge without adding new fur- 
naces. 

21 major steel producers today are get- 
ting increased availability by balancing* 
their electric furnaces with Corhart 104, 
a vastly superior fused basic refractory. 
Result: Longer furnace life, less down- 
time, lower costs. 

Corhart 104 has unique interlocking 
structure, non-connecting porosity, high 


density and greater mechanical strength 
at operating temperatures. 

It is more impermeable to gases and 
slags, and has greater resistance to arc 
impingement, corrosion and slag erosion. 

An experienced Corhart refractory en- 
gineer will be glad to study your furnaces 
and make recommendations. Address: 
Corhart Refractories Company, Incorpo- 
rated, 942 Commonwealth Bldg., Louis- 
ville, Kentucky, U.S.A., Telephone— 
JUniper 5-4201. 


*Proper selection of the best refractory materials and proper engineering of wall thicknesses. 


CORHART 104 


ELECTROCAST 
REFRACTORY 


Subsidiary of Corning Glass Works 


The words “Corhart’ and “‘Electrocast’’ are registered Trade Marks which indicate manufacture by Corhart Refractories Company, Incorporated. 
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METALLOGRAPHERS 


’ analytical, testing, and experimental work on 
nediun Positions reactive metals, such as zirconium, uranium and 
. thorium; and base metals, such as aluminum 
Libes 
aberal and stainless steel. Facilities are new, well laid 


$7200-9000 


out, and equipped with the most modern pol- 
ishing, microscope and dark room equipment. 

Must be team men — work well with other 
people. These permanent positions offer liberal 
salary, profit-sharing and pension plans. Plenty 


of room for advancement 
Modern piant located in suburban Massa- 
chusetts with easy access to Cape Cod and 


Narragansett Bay 


THROUGH AIME— NUCLEAR, INC. 
Address Irene K. Sharp, Book : 
Dept. Ten percent discount BOX 898, ATTLEBORO, MASSACHUSETTS 


Send resume to Mr. Tom Fowler 
*® ORDER BOOKS SO MARKED { 
M&S 


se of cl al fuel h t The Metallurgy of Vanadium, by 
History of the British Lron and Steel ion of furnaces, mechanical devices William Rostoker, John Wiley & 
Industry, by H. R. Schubert. The id method s | 1 much Inc., 185 pp., $8.50, 1958.—This 
lacmillan Co., 60 Fif Ave., New nen book offers a full discussion of vana- 
York 11, N. Y., 445 pp., $12.00, 1958 wok deals lucidly with many) lium technology. It provides a com- 
This book is the first comprehensive inating technical and archaeological prehensive treatment of the extrac- 
histor of British iron and steel roblem is copiously illustrated tion, properties, and processing of 
from its e% t appearance to make th ubject interesting not the metal. By so doing, it serves as 


making 11est 
iron master and enginee! a ready reference for those who seek 


1 pre-historic ti o the introduc- 


tion of steam power. The period con- the historian and archae- to use new materials for special 


cerned is essentially marked by the ologist. e applications. e 


Line your iron and steel 
ladies with Goose Lake 
Fire Clay Ladle Brick! Pro- 
duced by the dry press 
method with a special de- 
airing process, Goose 
Lake Brick assures excel- 
lent resistance to basic 
slags, spalling and abra- 
sion. it is well burned to 
provide high density, low 
porosity and uniform di- 
mensions. 


Fost, dependab!e service con be mede in o motte: of 
howrs—by truck or roil—% the industrial midwest 


208 South LaSatle Street 
Sales Chicago, llinois 
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Positions Open 
Continued from page 763 — 
Knowledge of ion-exchange princi- 
ples desirable but not essent Wil ee 
be metallurgist at uraniu 
erated Well established 
sized company. Salary, aes 
lepending on qualification 
housing benefits. Location, South- tee) 
S3929 
west. S392! 
3 
| 
; 
a product of 
Barber Building af 
Main Ottice / Joliet, Minos 
: 
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Weirton 


Ni-Hard nickel-chromium cast iron provides hardness of 


80 to 82 Shore.. provides long life, consistently good finish 


Weirton Steel Company, a division of 
National Steel Corporation, is using 
Ni-Hard* nickel- 


im alloy iron working rolls on 


double- sured 
all five stands of 
These Ni-Har1 rolls are 23-inches in 


52-inch face. Six 


its cold strip mill 


diameter with a 
stands in Weirton’s hot strip mill are 


also equipped with Ni-Hard rolls. 


Why Ni-Hard working rolls? Ni-Hard 
cast iron possesses a matrix struc- 
ture in the mold cooled condition that 
is akin to that of heat treated steel 
In addition, it contains a multitude of 
refined carbides which make an im- 
portant contribution to its abrasion 
resistance. The resulting structure 
has great hardness, strength, and re- 
sistance to impact. 


NI-HARD 


equips cold strip mill with 
double-poured Ni-hard working rolls 


For your applications. Ni-Hard alloy 
possesses the fluidity and freezing 


range of the cast irons and can be 
readily cast in all forms and shapes 
common to the iron and steel foun- 
dry. If you'd like specific informa- 
tion concerning its application to 
your abrasion problem, write Inco 
For details on double-poured Ni-Hard 
rolls, write the fabricator, United 
Engineering Company. 

*Registered trademark 
The International Nickel Company, Inc. 
67 Wall Street 9 New York 5, N. Y. 


NICKEL MAKES CASTINGS PERFORM BETTER LONGER 
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Savings up to 80 pet are now possible, says E. W. Bliss Co., by producing 


high-quality, hot-rolled strip from powder rather than using conventional 
equipment and rolling methods. Bliss, in conjunction with Chemetals 
Corp., announced these facts: Copper strip produced from powder has 


) proaucea 


ri? 
ai} 


1igher mechanical properties than electrolytic-grade copper s 


nti 


by conventional methods, and oxygen content Is substan ially lower in 
strip produced from powder than in electrolytic-grade strl} Process begins 
with chemical production of metal powder, which is fed through a hopper 
and mill for green compacting. Sintering precedes furnace operation Hot 


rolling and further reductions follow to produce metai completely consoll- 


lated to 100 pet density 


General Electric’s Dr. William C. Dash is the discoverer of a new cry 
rowing technique which eliminates dislocations from cry stals of silico 


iil 


larger than a man’s finger. GE claims this may open the door to disloca- 


tion-Iree, pe rhaps superstrong crystals of a variety ol materials in large 
sizes. Specially tapered seeds of high-perfection materia reauce 
he thermal shock experienced by the seed when it first touches the hot 


molten silicon from which the crystal is grown. The crystal must be pullea 


in the proper crystallographic direction so that dislocations are literally left 
behind as the crystal grows. Dash’s largest disiocation-Iree crysta 
which weighs about 2 oz. 1s similar in purity to sliicon used fol manutactur- 


ing transistors and other semiconductor devices 


Sylvania Electric Products, Inc. has opened a new company laboratory 
in Towanda, Pa., to be used for research engineering and product develo} 
ment in many areas of metallurgy and chemistry, and in such fields as 
hosphorus, semiconductor materials, spectrography, and X-ray diffrac 
ion. The new research center houses engineering offices, laboratory, and 


ot plant facilities for more than 100 scientists, engineers, and technicians 


N. Poulutoff, writing in the German journal, Aluminium, describes the 
Soviet process of producing alumina from nepheline To extract the 
alumina, which is strongly attached to the constituent silicic acid 
and alkalis. limestone is best for the purpose. Crushed limestone 
and nepheline are ground in water, fed into a rotary kiln, heated at 650 
to 1000°C. The result is an agglomerate consisting mainly of di-calcium 


silicate and sodium and potassium aluminates. The sodium and potassium 
aluminates go into a soda solution; the di-calcium silicate remains as a 
stable residue in the pulp. Washed di-calcium silicate is carried off for 
further treatment. About | ton of alumina is obtained from 4 tons of nep- 
and potash, and 7 to 9 tons of cement 


heline, plus about | ton of soda 


r 
te, 
pl 


60 CYCLE 


INDUCTION MELTING 


OF HIGH LEADED BRONZES 


15 years ago, THE CLEVELAND GRAPHITE BRONZE 
COMPANY, division of CLEVITE CORPORATION, pio- 
neered 60 CYCLE INDUCTION MELTING of bronzes with 
up to 35% lead. Special furnaces developed by AJAX 
for this difficult job are an important element in their 
unique continuous production line for steel-backed 
bronze bearing strip. 60 CYCLE INDUCTION MELTING 
furnaces resulted in substantial improvements and cost 
savings over gas-fired units used earlier for that pur- 
pose. Today, CLEVITE operates six continuous lines in 
this country and abroad with AJAX 60 CYCLE INDUC- 
TION MELTING furnaces, producing enough strip to 
make 130 million bearings and bushings per year. 
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60 CYCLE 


The heavy duty 60 cycle inductor developed by AJAX 
and pioneered by CLEVITE will attain a lining life of 
one year with bronzes of substantial lead content. 
Electromagnetic stirring assures uniform alloy and close 
temperature control. Compared to externally fired 
equipment, metal loss savings run into many thousands 
of dollars per year. Recently, several large producers 
of leaded bronze castings converted their foundries en- 
tirely to 60 CYCLE INDUCTION MELTING. 


While this is one of the most difficult metals to handle, 
the advantages of 60 CYCLE INDUCTION MELTING 
stand out today wherever copper alloys are melted. As 
specialists in 60 CYCLE INDUCTION MELTING, we have 
developed furnace types to best fill each application. 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


INDUCTION MELTING 


Ajax Electrotherm orporation Ajax Electric Company 


a — 
e 
Associated Companies eee 


Our Changing Journal 


One year ago we embarked on A New Program For Publications of The 
Metallurgical Society wherein a separate publication, TRANSACTIONS OF THE 
METALLURGICAL SocieTY of AIME, was established and the editorial policy of 
the JOURNAL OF METALS Was to undergo broad changes. The success of the new 
TRANSACTIONS will, no doubt, be discussed in this column at a later date, but we 


7 
feel that now is 


i 
the time to look around and see just how much the JOURNAL O! 


METALS has changed, where it is now, and where it ought to be heading. And 
thus we reach for our 1957 issues and somewhat nostalgically take stock 
As a part of the New Program for Publications, the JouURNAL OF METALS’ Ad- 
visory Committee was established as a subcommittee of the Publications Com- NA 


mittee. With trembling and fear we approached its first meeting, but we have 


always found the sometimes critical suggestions of this Committee sound and J 
helpful. It has provided us with a means of finding out what you wanted to see ke 
within these covers each month. General and specific guidance has been given (ay 
by the Committee, and, as a consequence, we fee] that we have moved down the sail 
road toward building a more interesting, a more readable, and a more informa- LY} ~ 
tive magazine. Through the help of the Advisory Committee we have now been le 
able to reach out and ask many authorities of metallurgy and allied fields to f | 
write specific articles; these you will see in increasing numbers > 


On our own part, we have tried to improve the general appearance of the 
magazine inside and out. But due to the limited size of our staff—at times only , ) 
three persons—this process is of necessity a slow one “ 4 & ~ 

As we stand at this one-year mark and look ahead, we say that it is our very , | 
firm intention to go much further in making the JOURNAL OF METALS the kind 6 || AN 
of magazine that you will want to put into vour coat pocket and carry home E y\ 7 
from the plant or laboratory \ 

But we want to hear from you. Sometimes we get complexes about ou! A a 

x 


mail. More complaints mean that our covers are being opened. And compliments 


well, we're human! But suggestions are what we really want. We need you! 


help in assessing our efforts. Do you feel that we are giving vou a better maga- 
>} 


zine? What could we do to improve it? Please tell us. With your help, it is ow 
expectation to open a “Letters to the Editor” column shortly 


And now to all ve olde merry metatiurgists all of us wish all of you 


T te very be 


Merry Christmas 


THE METALLURGICAL SOCIETY OF AIME 


Hibbord 


President 


BOARD OF DIRECTORS, THE SOCIETY PUBLICATIONS COMMITTEE DIVISION PUBLICATIONS 
METALLURGICAL SOCIETY A. W. Thornton. Choirmor COMMITTEE CHAIRMEN 


B. Austin Cc. C. Long Dennis Carney 5. King aii 
H B Emerick C. McCutcheon hn Chipmar A ee ron and Stee 
K. L. Fetters R. R. McNaughtor C. Fulton R. Maddin Madd 4 txtractive Metallurgy 
M Homilton H W t. Clow H "or 5 van ac nmstitute of Metco 
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Nickel 

Monel 

+ Inconel 

Molybdenum 

* Cobalt 

+ Nickel-Chrome Alloys 
+ Stainless Steels 
+ Jet Alloys 

Titanium 

Zirconium 

Tantalum 


THE “PLUS” SIDE 


COMPANY. ING. 
Filer Avenue ¢ Detroit 34, Michigan ¢ FOrest 6-5300 
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Not a single piece of6fap making up your 
shipment of secondary alloys Fé@m Frankel contains 
less than the amoun#@falloying agents 

you specify. This means fot the average 

content of the alloying agents is t6ythe maximum 
side of your Specification. 

That's your standard Frankel bonus. 

You pay nothing for it. 

No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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SATISFIES THE MOST EXACTING REQUIREMENTS 


RESEARCH POLARIZING MICROSCOPE 


DIALUX-POL 


niversal polar- 
t wos designed for 
sleontologist, and the 


the geoic 


ns the 


concenser system, the 


able intensity 
@ vertic 
@ polorizing 


@ odoptable . niversal stage method 


E. Leitz, Inc., Department JM-12 
468 Fourth Ave., New York 16, N.Y. 


Please send me the LEITZ DIALUX-pol brochure 


© tLeirz. inc ,.468 FO 
str butors o f the woritd famous Pp 
Ernst Leitz Gm bw. Wetziar. Germany Ernst Leitz Canada Ltd 
LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 


URTH AVENUE. NEW YORK 16. N.Y. 


oducts of 
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Wit. 
grey 
izing research microscope ever manufacture Ts 
Gist, minerologist, petrographer, p 
industrial research microscopist a 
The DIALUX-pol mointcigmmmim principle of interchangeability x 
formous with all LEITZ precision instruments, so thot it is readily By 
used for transmitted light as well as for reflected-polarized light Be: 
With the simple idition of a connecting bor, it provides synchro fs 
nous rotation of polorizer and onclyzer aN 
: In addition to a built-in light source ond =e a 
7 (“4 DIALUX-po! features mony other operationa! oGvantages: unique 
single-knob contro! of both coarse and fine adjustment by altero 
2S oy tion of the stoge height (and not the tube), th focusin th a 
Within seconds, the DIALUX-pol, through LEITZ accessories, con 
verts for photogrophy (through combined monocular-binocular 
tube and mera os micrascan thea ! 
be and leica comerc or ore croscopy ough vertice 
illuminator), or w xcommodate the LEITZ Universal Stage 
Sodium Vopor Lomp, cond other focilities 
te 
@ monocular or binocular vision sion 
| @ combination tube FS for photography 
@ synchronous polorizer-onalyzer rotation 
| 
@ duo! coarse and fine focusing 
: @ built-in light source; 6-volt, 2.5-omp, vori- 
nation for ore microscop 
i ation for ore croscopy 
s 
= 
Send for the DIALUX-pe stormat bulletin 
the see snd exomine this fine ‘strument for 
Street___ 
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GREFCO OFFERS SUPERIOR 
BLAST FURNACE BRICK 


To meet the increasingly specialized demands of modern iron 
making, GREFCO now offers five different outstanding blast 
furnace bricks, each tailored to meet your requirements. 


1. OLIVE HILL-BF — High duty 
fireclay brick for blast furnace 
linings. Now and for many 
years a standard of the 
industry. 


2. OLIVE HILL HI-FIRED — Espe- 
cially fired at high temperatures 
to combine the advantages of 
OLIVE HILL-BF with greater 
resistance to carbon disinte- 
gration. 


3. SUPERAC-K-BF — The general 
purpose, high fired, superduty 
blast furnace brick having prop- 
erties tailored to meet a vari- 
ety of service conditions. 


GENERAL 
REFRACTORIES 
COMPANY 


Philadelphia 2, Pa. 


A COMPLETE REFRACTORIES 


4. SUPERAC-K-BF (SR) — The 
high fired, superduty blast fur- 
nace brick with exceptional den- 
sity, strength, and slag-resistant 
properties. Used frequently in 
bottom blocks and wearing 
plate areas. 


5. SUPERAC-K-BF (WS)— The 
high fired, superduty blast 
furnace brick with exceptional 
resistance to spalling. Some- 
times preferred for stack 
linings. 

Your GREFCO representative 
will be glad to discuss with 
you the Grerco blast fur- 


nace brick best suited to meet 
the conditions in your furnaces. 


SERVICE 
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MECHANIZED ORACLE EXPLORES 
_ BELL SYSTEM COMMUNICATIONS 


\ mechanized “oracle 1s helping Bell Te lephone Lab 
oratories predict the future in communications devices and 
=\Vstems 

The oracle is “Sibyl.” a computer-like machine de- 
veloped by Bell Laboratories engineers and psychologists 
It can simulate the action of many kinds of communications 
devices. Through Sibvl. new kinds of telephone service can 
he evaluated without the considerable expense of building 
tual equipment Observing and recording users reac- 
tions to the simulated equipment. Sibvl provides indica- 
tions of how users would react to proposed new svstems 
features and equipmen}. 

Sibyl. for example. is used to test the reaction of Bell 
Laboratories people to experimental push-button tele- 
thones. Each test subject has a push-button telephone in 


his office and he uses it in the ordinary course of his busi- 


r test of user-reaction to ¢ xper 


nicat s devices 


ness. But the set is not connected directly to the local PBN: 
it is connected through Sibyl. which performs the special 
signaling functions required by such a push-button tele- 
phone. In this way. push button telephone service Is given 
to a group of people without modifying the PBX. or pro- 


viding completely instrumented push-button telephones. 


At the same tim.. Sibvl gathers information on how 
the call was placed — date. ue. originator, speed of opera- 
tion. errors. whether the tine was busy or the call com- 
pleted. Sibyl does all this without violating the privacy of 
telephone conversations. 

Bell engineers expect that Sibvl will provide a better 
understanding of the relationship between telephone equip- 
ment and the people who use it. Sibyl’s rapid and eco- 
nomical technique for evaluating new types of telephone 
sets is an important contribution to the art of telephony 


BELL TELEPHONE LABORATORIES 


ew ) WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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\t monitoring console, designer H.D. Irvin watches performance of “Sibyl” durin 
. records interpla etween phones at sers, Sil s named after the womer racles of ancient Greece aS 


Columbium can be efficiently added to carbon and alloy steels 
and high-temperature alloys with ELECTROMET ferrocolumbium 
or ferrotantalum-columbium. Electric furnace and 
open-hearth operators can use these alloys to produce 
e Carbon and low-alloy steels, where columbium promotes 
a fine-grain structure for improved strength and weldability. 
e Iron-. nickel-, and cobalt-base high-temperature alloys, where 
columbium improves strength at elevated temperatures 
e Stabilized austenitic stainless steels, where columbium 
inhibits intergranular corrosion. 
e Non-air-hardening plain-chromium steels, where columbium 
minimizes air-hardening and acts as a grain refiner 
Ask your ELECTROMET representative for further details. 
ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N.Y. 


The terms “Electromet” and “Union Carbide” are registered trade narks of Union Carbide Corporation. 


Welding Cb-stabilized 
stainless 

For information on 
columbium uses, 
contact ELECTROMET, 
pioneer in columbium 
development. 


lectromet 


FERRO-ALLOYS AND METALS 


it our needs best 
‘ELECTROMET columbium alloys suit our 
= 
Sy 
— 
\ 
\ 
. \ \ 
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NGLES 


BETWEEN IMD Special 


Report Series 
Number Eight 


PLANES IN CUBIC 
CRYSTALS 


By R. J. Peavler and J. L. Lenusky 


This small but valuable 28-page booklet contains tables of 
interplanar angles in the cubic system up to ‘554/. Calculated 
on a digital computer by members of the Crystallographic 
Group at Westinghouse, the values were checked carefully 
to prevent error in transcription. Typographical errors were 
eliminated by reproducing the original tables. Invaluable for 
orientation work in many phases of physical and X-ray 
metallurgy. Author R. J. Peavler is a crystallographer in 
the Crystallographic Group of the Materials Engineering 
Departments, Westinghouse Electric Corp. J. N. Lenusky is 
a former laboratory assistant in the Crystallographic Group. 


Onder your today .. . 


AIME, 29 W. 39th St.. New York 18, N.Y 


\LUR 
Please send me a copy: Angles Between Planes in Cubic Crystals & i XG 


Price: $1.50 
Name AIME Members: $1.00 


Enclosed is Check ; Money Order tor $ OB > 
OF 


AIME members may be billed 


Address 


City and Zone State 


(Nonmember Foreign Order, Add 50¢ for Mailing) 
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a vacuum induction melted alloy 


NOW AVAILABLE 
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Stress rupture 
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precise melting ind 
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tica Metals Division Ke sev 


UTICA METALS». KELSEY-HAYES 


KELSEY-HAYE co UTICA 4, NEW YORK 
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A v s 


—— 
et 500) llov ny en } extensive | 
te perature pplications s now available in sheet in 
roduction quantities for early deliv | 
n widths to 48” bv 144” in lengt! al 
to The combines very 
ite with excellent ductility and fatigue 
a the 1200°F to 1800 F ranges 
\lam other vacuitim nd tion me Ited allovs are Lis) 
now } rketed in sheet { rm by the { tica Metals Division 
- New allovs are being developed at Utica fal 
sheet ipplic ition. We re interested in discussing uses 
: for our sheet material where high tensile strength, cor 
F rosion resistance high stress rupt re life and electri il o1 
iy magnetic properties are critic il requirements 
Phe techni il strengt] 
ition, together with hig 
tion pr ictices enable us to 
lity from heat to heat. - 
Haves LN. ¥ 
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SILICON — A VITAL LINK — indispensable in iron 
and steel, essential in aluminum casting alloys. 


There are, today, many ferrosilicon alloys 
available, offering maximum efficiency and 
economy for industry’s varied requirements. 
We have developed silicon alloys for specific 
applications, and extended the use of existing 
alloys. Our patented mold cast process pro- 
vides silicon alloys of highest density, uni- 
formity, and cleanliness. 


A major producer of ferrosilicon for over 
thirty years, our four plants and strategically 
located warehouses assure you prompt de- 
livery by water, rail, or truck. 


Qualified technical personnel are ready to 
assist you in selecting the most efficient and 
economic silicon alloy for your needs. 


Dy, 
/ 


7 
ant 71 


SALES OFFICES 
Birmingham ¢ Chicago © Detroit ¢ Los Angeles ¢ Philadelphia ¢ Pittsburgh © San Francisco ¢ Seattle © Denver © Minneapolis ¢ Kansas City 
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News of 
EDUCATION 


NUCLEAR FUEL SYMPOSIUM 

Columbia University and the Sy! 
vania-Corning Nuclear Corp. have 
announced plans for the Fir YT 


Kirk, president of Co- 

and Dr. Lee Davenport, pres- 
Svylvania-Corning Nuclear 
at this meeting will 
portunity for an ex- 


RESEARCH 
METALLURGISTS 


Positions are open in our 
Department of Metailurgical 
Research requiring BS or 
MS degrees in Metallurgy 
or the equivalent 


PHYSICAL METALLURGIST 
to study changes in the 
metallurgical structures of 
wrought aluminum alloys 
during working and heat 


treating 


PROCESS METALLURGIST 
to conduct basic mechan- 
isms research leading to the 
development of plant-scale 
equipment and practices in 
the fields of metal melting 
metal treatment, and cast- 
ing of aluminum alloy proc- 
ess ingots 


The assistance of trained 
technicians is available and 
there is ample opportunity 
to publish technical papers 
to attend technical society 
meetings, and to visit fab- 
ricating plants. The Corp- 
oration has generous insur 
wince. retirement, medical 
and savings benefits. Salary 
is based upon qualifications 
Relocation costs will be paid 


For further information 
write to 


D. D. McKee, 


Department of Metallurgical 
Research, Kaiser Aluminum 
& Chemical Corporation, 
Spokane 69, Washington 


change olf 


ting, On a subje 
if we are 
nuclear powel! 
Invitations to 


ideas 


sent out to ranking 
technological expe! 
States, Canada, and 
verseas 
Such varied 
different kinds 


Maxwel! 
L Kehl 
School 


METALLURGISTS 
AND 
SOLID STATE 
PHYSICISTS 


Scientists with strong in 
terests in high temperature 
metals, mechanical metal 
lurgy, or solid state re 
actions are needed for 
challenging research assign 
ments Career = scientists 
having Ph D. or MS. de 
grees, plus 2 to 5 years 
experience, are preferred 
but recent graduates will be 


considered 


Excellent salary and em 
ployee benefits are combined 
with living in desirable 
progressive community hav- 
ing many educational, cul 
tural, and recreational ad 
vantages 


Write te 
R. S. Drum 
Battelle Memorial Institute 
505 King Avenue 


Columbus 1, Ohio 


Stanley B Robotf and Leonard 
Smiley of SYLCOR, and Dr. Henry 
H. Hausner, SYLCOR consulting en- 


t the commit- 


gineer and secretary of 
tee. were named as members of the 


Symposium 


MATERIALS INFORMATION 


The proceedings are now available 


ar 


De partmen 


ne 


I 
Univ 


1ics 


The deadlu 


NFS AWARDS DEADLINE 


SEMICONDUCTOR 
ENGINEERS 
AND 
SCIENTISTS 


An expanding pro 


result of increasir 


tion and sales of the 4-la 


bistable diode, is creating 

openings in basic research 

advanced aevice aeve 

ment and application en 

neering 

Opportunities exist also in 
of device 


the techniques 
packaging, as well as crys 
tal growing and diffusion 
in silicon 
Openings are currently avail 
able and others will develop 
Your resume, which will be 
held in strict confidence 
may be sent to the Director 
Professional Employment 


(Ref: EI-5 

SHOCKLEY TRANSISTOR 
CORPORATION 

A Subsidiary of Beckman 
Instruments, Inc. 


Stanford Industrial Park 
Palo Alto, California 
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Free Steel Booklet 


Bethlehem Steel Co. has published 
lable book called, Quick 


thre 2 nod me 


METALS RESEARCH AND 
DEVELOPMENT, INC. 
44 Tunkhannock Avenue 
Exeter, Pennsylvania 
in care of Samuel Stochheim 


RESEARCH MAN 


CIVIL SERVICE CAREERS WITH THE 
BUREAU OF MINES 
U_ S. DEPARTMENT OF THE INTERIOR 


@ PHYSICAL METALLURGISTS 
@ EXTRACTIVE METALLURGISTS 
@ METALLOGRAPHERS 
@ CHEMICAL ENGINEERS 
@ PHYSICAL CHEMISTS 
@ INORGANIC CHEMISTS 
@ ANALYTICAL CHEMISTS 


Researchers are needed by the Bureau of 
Mines for challenging work af many re 
search centers ond tield laboratories 
throughout the United States 

New alloy development work im the reac 
tive metal field at the Albany, Oregon 
research center offers opportunity for met 
allurgists and physical chemists with ex 
perience in phase diagrom and isothermal 
transformation studies, metallographic in 
spection, and effects of radiation on mo 
terials. Physical metallurgists are needed 
to perticipate im research work on pure 
metals at the Reno, Nevoda, research cen 
ter to permit an engineering evaluation of 
new metals and alloys. in addition, Reno 
hos opportunities for chemical engineers 
chemists, and extractive metallurgists to 
participate in the development of proc 
esses for production of rare earth metals 


Opportunities are also available for met 
allurgists, chemists, and chemical engi 
neers at other Bureau experiment stations 
and laboratories 

Starting salories range trom $4,490 to 
$10,130 o year 

Ample opportunity exists for publishing 
and other technical recognition Persons 
capable of preparing competent technicol 
reports will receive preference 

Send resume to Personnel Officer, Burcou 
of Mines, Department of the Interior, Al 
bany, Oregon; Chief, Division of Mineral 
Technology, Bureau of Mines, Department 
of the Interior, Reno, Nevada; or Chief 
Personne! Officer, Bureau of Mines, De 
portment of the Interior, Washington 25, 
Cc 


At Oak Ridge, Marshall furnaces accurately 
maintain set temperature levels in the range of 
1000 to 1800° F., within +1.5° F. The fur- 
naces are vital components of specially designed 
and built gaseous and vacuum creep rigs. Creep 
properties of structural metals are tested under 
the effect of high temperature gases, vacuum, 
various liquids, and liquid metals. The furnaces 
were developed by the Oak Ridge National 
Laboratory, operated by Union Carbide Corpo- 
ration for the U. S. Atomic Energy Commis- 
sion, and built to their specifications by Marshall 
Products Co. After more than four years of 
virtually continuous service, all major com- 
ponents are still in operation! 

This accuracy and dependability is typical 
of Marshall furnaces used widely as components 
of machines for creep testing metallic alloys, 
and also for tensile, stress-rupture, and fatigue 
testing of metals, ceramics and cermets. 

Marshall offers a range of standard tubular, 
shunt-type furnaces compactly designed to 
apply electrical heat up to 2600° F, under 
exact control. Units feature uniform tempera- 
ture distribution and rigid zone control to +3° F 
at any part inside the furnace. Under certain 
conditions operators report temperatures can 
be held to =1° F. Test durations may range 
from moments to 10,000 or more hours. 


MARSHALL PRODUCTS CO. 


tubular furnaces and control panels 


270 W. LANE AVENUE, COLUMBUS 2, OHIO 


‘AROHALL write today for 
FURNACES complete information 


Liquid-metal creep testing frames (shown at top) 
Creep frame for testing gaseous environments (left) 
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Furnace Plotform of 1 of 4-39,000 KVA ELKEM 
CALCIUM CARBIDE Furnaces installed by 
Netional Carbide Company at Calvert City, Kentucky 


ELECTRIC SMELTING FURNACE For the production of: CALCIUM CARBIDE — FERRO 
u s ALLOYS — PIG IRON COPPER MATTE NICKEL 

MATTE — PHOSPHORUS etc. The Soderberg self-baking 

Electrodes for smelting, melting and aluminum furnaces 


In existence for over 50 years, Elektrokemisk has served 
as consultants and constructors of smelting plants and 
aluminum reduction cells. 


Leaders in metallurgical plant design and erection, 
Elektrokemisk has introduced Soderberg self-baking 
electrodes and furnace construction in over 30 countries 
all over the globe. 


Write for our catalogs 


U.S. OFFICE: 
101 Park Ave., N. Y. 17, N.Y. 


HEAD OFFICE 
OSLO, NORWAY 
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16TH ELECTRIC FURNACE 
COMMITTEE 


Executive Committee 


Charles Locke 


Zang Chairman 


D L Clark Post Chairmen Ww. Mathews 
G ¢ Olsen 
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H.N Barrett Jr., Chairman 
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in Fire Clov C entra! B RM facturing Co 
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EFSC Attendance 
534 


1948 


1944 569 1949 585 1954 882 
1945 500 1950 620 1955 949 
1946 546 1951 752 1956 979 
1947 569 1952 823 1957 1070 
? R. W. SHEARMAN 


* 
fe 
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Program 


Electric Furnace Conference 


Statler Hotel, Detroit, Mich. 
REGISTRATION 


Wednesday, December 3—9:00 am to 9:00 pm—Ball 
room Foyer 

Thursday and Friday, December 
:00 pm—Ballroom Foyer 


Calendar and Index of Events 


WEDNESDAY, DECEMBER 3 


Steel Divisior 


and the Rouge Plar 


fron 


UU pn 


p! 


6:30 pm—Parlor E 


Business Meeting: 
Electric Fur 


All Chairme 


THURSDAY, DECEMBER 4 


Authors and Chairmen Breakfast: 8:00 am—Ivory Room 
Authors and session chairmen will meet fo: 


oreak- 


followed by an 


ith regard to the s« 


ANNUAL DINNER 
Thursday, December 4 


6:30 pm—Wayne and Bagley Rooms 
and Cocktail Party for 


7:00 pm 


Reception 
dinner guests 

Grand Ballroom, Dinner 

Toastmaster: K. D. Cassidy, Group Director 
Body Group, Ford Motor Co., Dear- 
born, Mich 

M. K. Schnurr, President, Stainless 
and Strip Division, Jones & Laugh- 
lin Steel Corp., Detroit, Mich 
Commercial Aspect 


Steels in Our Economy 


Speaker: 


Subject: 


9:30 to 9:45 am—Grand Ballroom 


General Session 


Welcoming Remarks; Salute to Automobile Industry: 
By A. C. Ogan, Chairman, Committee for the Six- 
teenth Annual Conference 


Response: 
By V. E 


mittee 


Zang, Chairman, Electric Furnace Com- 
Announcements and Reports 
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Intreduction of Group on Production of Carbides, Al- 

loys, Metals, and Phosphorus in Electric Furnaces: 

By R. K. Kulp, Senior Staff Engineer, Technology 

Department, Elect Metallurgical Co., Division of 
Union Carbide Corp., Niagara Falls, N. Y 


THURSDAY, DECEMBER ‘| 


9:45 am to 12:30 pm—Grand Ballroom 


Manufacture of Ferro-Alloys 
Chairmen: 


N. Speer, Vice-Preside: Operations 

Mining and Smelting Corp., Chicago, Il 
D. F. Brookland, Vice President, Operat 
Co 


Met Keokuk, lowa 


Electric Furnace Ferro-Alloy Industry in the United 
States: 
Preprinted | 


irgical Engine 
a New York 


Manufacture of Ferrosilicon Alloys: 
Paper by E. J. Davis, Electric Furn 
te! ! n Corp., Jack 


LAKE 


Casting of Ferro-Alloys: 

Paper by E. T. Johnson oduction Manager, Pitts- 
bur illurg igara Falls, N. Y 

iscu } ning t Coordinator 

Pyrometallurgical Laboratory, U. S. Bureau of 

Mine Albany, Oregon, and Dettmer, Staff 

Metallurgis M. A. Hanna Cx leveland, Ohio 


Control of Quality in Ferro-Alloy Manufacture: 
Preprinted paper by A. F. Sprankle, Technical Di- 
rector and As ant Vice President, Vanadiun 
‘orporation of America, Cambridge, Ohio 
Fegan, Quality Control Man 
Mining and Smelting Corp 
und J. J. Furey, Chief Chemist 
allurgical Co., Division of Union Car- 
Niagara Falls, N. Y 


Joint Technical Session 


THURSDAY, DECEMBER 4 


2:00 to 5:00 pm—Grand Ballroom 


Physical Chemistry of Steelmaking 


Chairmen: 
N. H. Keyser, Metallurgist, Battelle Memorial Insti- 
tute, Columbus, Ohio 
R. W. Farley, Director, Process Development, Repub- 
lic Steel Corp., Chicago, I] 


Chromiur 
| 
Plant Trips: Stainless of Jones lu Elect Meta WIN ot 
Union Carbide Corp., Niagara Falls, N. Y., H. E 
Laughlin Steel Corp., t of Ford ty 
Motor C Dunn, Associate Technical Director, Vanadiun 
Corporation of America, Pittsburgh, Pa an 
Chartered buses will leave fmm the Bagley St. er 
tray f tat) ot ID C. M. Cosman, Metal er, Vanadiun 
rarce I he Statler Hotel a Em. Dbuse Wi re Cc fA N. ¥ 
turn to the Statler Hotel by 
i 2 
ce Superin- 
| verly ant 
A. I (ra iecnn il ect Beverly Plant 
nace Committees Annual Dinner “are ES Iron Cort Beverly. O} 
Discussion: M. J. Giegel. Chief Metallurgist, C} - 
( MEE irmen of technical se ns are invited . Mir nd S t Cor Cc I 
: miun ining and Smelting I hicag ll 
". to attend and D. D. Barbor, Member Technical Contro 
Group, Electro Metallurgical C Division of 
; 3. 
edule of papers for each session 


Review of Technical Conference on “Quality Re C. G. Mickelson, Assistant Manager, Manufacturing 
quirements of Super Duty Steels,” Pittsburgh, May Research Laboratories, American Steel Foundries, 
5-6, 1958: Indiana Harbor Works, East Chicago, Ind 


Paper by J. F. Elliott, Associate Professor of Metal- a : 
rg Massachusetts Institute f Tec logy l. Effect of Various Additions to the Electric Are and 
Ci ge, Mass., and B. M. Shields, Chief Met Induction Furnace on Gas Contents: 
Weems, U. 5. Steet Corp Paper by M. Boris, Research Chemist, American 
anita Steel Foundries, Granite City, I] 


Stream Degassing on Properties Pinhole Porosity in High-Alloy Steel Castings 
Made in Green-Sand Molds: 
ciate, and J. N. Hornak, Assistant Director Preprinted paper by R. J. Mangone, Research Eng!- 
Applied Research Laboratory, U. S. Steel Cory neer, A. M. Hall, Division Chief, and C. E. Sims 
Monroeville, Pa Technical Director, Battelle Memorial Institute 
Paper by A. L. Lehman, Superintendent, Elect: Columbus, Ohio, and W. T. Bryan, Manager, Cus- 
i Melting Dey Bethlehem Plant, Bethle- tom Product Sales, The Duriron Co., Inc., Dayton 


3. Experiences wih Ladle Degassing: 3. High Frequency Induction Melting of Steel in Fur- 
Paper by C. W. Finkl, Vice-President, Engineering nace Units Up to 5'2-Ton Capacity: 
A. Fink] and Sons C Chicago, I! 


Preprinted paper by J. T. Gow, Vice President in 
b \ mn 


Charge of Nan 


Ingot Technical Session Sandusky Foundr; sad 


ient. Babcock and Wilcox Co., Barberton, Ohio 


? 
ter 


FRIDAY, DECEMBER 5 


4. Oxidation and Deoxidation Practice in the High- 
Frequency Induction Furnace: 


9:30 am to 12:30 pm—Grand Ballroom 


Stainless Steel— 


aides, Metallurgical Eng ne 


Production and Applications Usiness E. Henricot Cou 


Chairmen: 


J. W. Freeman, Professor of Metallurgical Er ginee! Special Arc Group Technical 
R. Sergeson, Chief Metall ire al Er ginee! Sta nless Session 


Stee] Division, Jones & Laughlin Steel Corp., De- 
Mich 


troit 


1. Present and Future Application of Stainless Steel FRIDAY, DECEMBER 5 
Products in the Automotive Industry: 

a Paper by C. W. Vigor, Senior Metallurgical E: 

g r, Metallurgical Engineering Dept., Re 9:30 am to 12:30 pm—English Room 


Manufacture of Calcium Carbide 
and Other Products 


Developments in Melting Operations: Chairmen: 
Preprinted paper by C. L. Corey, Associate Pro- : ; 
fessor, Department of Chemical and Metallurgical R. T. Lund, Vice-President, Operations, National 
Engineering, Wayne State University, Detroit, Carbide Co., Calvert City, Ky 
Mich L. H. Banning, Project Co-ordinator, U. S. Bureau 


of Mines, Albany, Ore 


1. A Brief History of Calcium Carbide Manufacture: 


Castings Technical Session Paper by W. J. Fulton, Vice-President and General 


Manager, Midwest Carbide Corp., Keokuk, Iowa 


iw 


Tapping and Casting of Calcium Carbide: 


FRIDAY, DECEMBER 5 


Preprinted paper by E. W. McGovern, Assistant 

Technical Director—Carbide Operations, Electro 
9:30 am to 12:30 pm—Michigan Room Metallurgical Co., Division of Union Carbide 
Corp., Niagara Falls, N. Y 


Foundry Practices 3. Electric Furnace Production of Special Llrons and 
Titania Slag: 


Chairmen: 


Paper by G. E. Wagner, Operating Superintendent, 
A. F. Gross, Research Metallurgist, The Ohio Steel and J. M. Noy, Director of Research, Quebec Iron 
Foundry Co., Springfield, Ohio and Titanium Corporation, Sorel, Que., Canada 
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Be 
ne! Stet Het ? ra Oh 
C. F. Hamilton, Production Control Metallurgist, ay? 
Sandusky Foundry and Machine Co., Sandusky 
Ohio 
Paper by Stephen Marmaroff, Foundry Superin- ‘aes 
- 
a! 
Paper by Joseph Dewez, General Manager, R aig 
Pe Berger. Chief Engineer, A. Paquot, and P. Nico- Boe 
ers, Societe Anonyme 
irt, St. Etienne, Belgium Bey. 
La Cit Ni I Cory 
Mi h 
bh P r hv oratory S ’ 
t aper DY puro Laboratory § iperviso! 
Chemical Engineering Lab., Chrysler Corp a 
Detroit, Mich 
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Electrically Smelted Oxides and Metalloids of Zir- 
conium and Titanium: 


Paper by A. J. Hudson, Superintendent of Alloy 
Department, and A. C. Haskell, Jr., Chief, Process 
Metallurgy Division, Research Department, Tita- 
nium Alloy Manufacturing Division, National 
Lead Co., Niagara Falls, N. Y 

Fred A. Upper, Manager, Product Engi- 

Bonded Abrasive Division, The 
Niagara Falls, N. Y 


Discussion 
neering Branch 


indum Co 


Ingot Technical Session 


FRIDAY, DECEMBER 5 


2:00 to 5:00 pm—Grand Ballroom 


Melting; Cost Reductions 
Chairmen: 


W. C. Kollman rintendent, Electric Furnaces, 
Crucible Steel Compar f America, Midland, Pa 
R. B. Shaw, General Superintendent Melting, Alle- 


eny Ludlum Steel Corp., Brackenridge, Pa 


1. Use of Direct Reduced Iron in the Electric Furnace: 


Farley, Director of Process Devel- 
opment, Republic Steel Corp., Chicago, II] 

Report by P. U. Gummeson, Vice-President and 
General Manager, Hoeganes Sponge Iron Corp., 
Riverton, N. J 


Simplified Calculation of Effects of Oxygen Blow- 
ing Rates: 


Paper by G. W. Healy, Section Metals Re- 
earct Laboratorie Electro Metallurgical C: 


Division Union Carbide Corp., Niagara Falls, 
N.Y 


Le ader 


Linear Programming the Material Costs of Stainless 
Steel: 


Manager, Research Informa- 


Paper by D. C. Hilts 
( Head, Mathematical Analysis 


Head Computing Laboratory 
tro Metallur- 


‘ { 
gical C Division of Union Carbide Corp 


Castings Technical Session 


| FRIDAY, DECEMBER 5 


2:00 to 5:00 pm—Michigan Room 


Special Operating Technology 
Chairmen: 
J. W. Tibbits, Assistant Works Manager, Canadian 
Steel Foundri« Ltd., Montreal, Que Canada 


N. H. Keyser Battelle 
Columbu 


Metallurgist, Memorial In- 


stitute Ohio 
1. Effect of Phosphorus and Sulfur Content on the 
Ductility and Toughness of Cast Low Alloy Steels: 


Preprinted paper by John Zotos, Assistant Chief of 
the Experimental Foundry Branch, Rodmar. Lab- 
oratory, Watertown Arsenal, Watertown, Mass 
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Desulphurization of Steel by the Injection of Lime 

and Aluminum-Magnesium Alloy: 

Preprinted paper by D. E. Parsons, Scientific 
Officer, and S. L. Gertsman, Chief, Physical Met- 
allurgy Division, Department of Mines and Tech 
nical Surveys, Ottawa, Ont., Canada 


3. Improving Electric Furnace Refractory Life by 

Special Shell Cooling Techniques: 

Paper by V. J. Howard, Melting Foreman, Okla- 
homa Steel Castings Co., Division of American 
Steel and Pump Corp., Tulsa, Okla 

Discussion: W. E. Lewis, 
Lectromelt Furnace Division, 
Co., Pittsburgh, Pa 


Manager, Field Sales 
McGraw-Edison 


4. Split Heat Techniques: 

Preprinted paper by Gordon Pride, Metallurgist, 
Canadian Unitcast-Steel Ltd., Sherbrooke, Que., 
Canada 

Paper by S. C. Smith, Chief Metallurgist, Foundry 
Division, Texas Foundries, Inc., Lufkin, Texas 

Paper by J. W. Tibbits, Assistant Works Manager 
Canadian Stee] Foundries Ltd., Montreal, Que 


Canada 
Paper by N. H. Keyser, Metallurgist, Battelle Me- 
morial Institute, Columbus, Ohio 


Special Arc Group Technical 
Session 


FRIDAY, DECEMBER 5 


2:00 to 5:00 pm 


Electrode Holders and Planning Session 


Chairmen: 


R. K. Kulp, Senior Staff Engineer, Technology De- 
partment, Electro Metallurgical Co., Division of 


Union Carbide Corp., Niagara Falls, N. Y 


H. S. Newhall, Chief Development Engineer, Engi 

neering and Construction Department, Electro 
Metallurgical Co., Division of Union Carbide 
Corp., Niagara Falls, N. Y 


1. Electrode Holders: 


Preprinted paper by H. S. Newhall, Chief Develop- 
ment Engineer, Engineering and Construction 
Dept. Electro Metallurgical Co., Division of Union 
Carbide Corp., Niagara Falls, N. Y 


Discussion: Edward Hnatuk, Vice-President, Engi- 
neering, Chromium Mining and Smelting Corp 
Chi ago, Ill 

E. E. Coleman, Plant Manager, 
Nickel Smelting Co., Riddle, Ore 

G. J. Kiedaisch, Superintendent 
west Carbide Corp., Keokuk, lowa 

J. R. Lee, Director of Engineering De- 
sign, Vanadium Corporation of America, Cam- 
bridge, Ohio 

W. R. Meredith, General Superinten- 
dent, Interlake Iron Corp., Beverly, Ohio 

D. F. Brookland, Vice-President, Oper- 
ations, Keokuk Electro-Metals Co., Keokuk, Iowa 


Hanna 


Mid- 


Planning and Organization for Future Meetings 


i 
| | 
— 
Ni ik, a Fail N 


Up to the beginning of World War 
I, the American ferro-alloy industry 
was in its infancy and largely de- 
pendent on Europe. During that 
War, capacity was over expanded. 
Later recovery and commercial and 
scientific development have re- 
sulted in an industry which in 


1957 produced 1.8 million tons of 


erro-alloys 


ELECTRIC-FURNACE 


FERRO-ALLOY INDUSTRY IN AMERICA 


by J. H. Brennan, H. E. Dunn, and C. M. Cosman 


HE ferro-alloy industry is today an important 
element of the industrial structure of the United 


Its output is valued at almost half a billion 


lollars annually and its products are basic not only 
to National defense but also to the peacetime stand- 
ard of living 

This has not always been so. The ferro-alloy in- 
dustry from late in the last century has grown from 
ll beginnings, nurtured by the demand fo! 


tougher materials; by the search for steels 


stronger, 
capable of absorbing severe impact loads and resist- 


ing corrosive media and high temperatures; and also 
y the need for electrical and electronic specialties 
Conversely, the ferro-alloy industry has grown be- 
cause it developed improved steels and alloys by ex- 
tensive research, and because it was able to show to 
steel makers the advantages accruing from the more 
extensive and the more economical use of alloying 
elements 

The industry has grown in scope from producing a 
few grades of ferro-alloys of the more common met- 


J. H. BRENNAN is chief metallurgist, Electro Metallurgical Co 
div. of Union Carbide Corp., while H. E. DUNN and C. M. COS- 
MAN are with Vanadium Corp. of America. This paper is being 
presented at the AIME, Electric Furnace Conference, Cleveland, 
December, 1958 


als—manganese, chromi inadl silicon, tita- 
nium, tungst til there are 
odav s 
able to «i> 
columt in col in ina boro! In 1912 the indus- 
try produced 560,000 tons of allovs val ied at about 
$12,000,000, while 1957 production figures show an 
output of 1.8 n n tons worth $440,000.000 

In the United States, the history of ar ndaust 
is largelv the history if the companies makings ip 
this indust hence, this paper w briefly ace the 
deve iopmel t of the most mp tant fe O-a V-pro- 
qucing companies 

Quite varied have been the reasons that caused the 
different companies to move into the ferro-alloy 
field; the Willson Aluminum Co., seeking methods 


of producing aluminum, succeeded with the produc- 
tion of calcium carbide, and their developing electric 
furnace skills led them to the production of ferro- 
silicon and ferrochromium alloys. Willson was the 
predecessor of the Electro Metallurgical Co. of 


Union Carbide. Two Pittsburgh undertakers. inter- 


ested in vanadium as an alloving agent for steel, set 
about to find a mine and, ranging as far as Peru 
fathered American Vanadium Co., the predecessor 


t 
of Vanadium Corp. of America. Experiments of the 
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needed for 
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in 1896 and at 


in 1900. In 1906, the Electro Met- 


at Ni- 


low-carbon 
né fB mathad Ons bulk 
i Ol bDecKets methods are s i used for 
rhpor 

Cai 


n ferrochromium produced t 
World War I, Electro Metallurgica 
all types of ferro-alloys 


including ferrosilicon 


Dp 


used by 


manganese, ferrovanadium, 


powe! a ferro-alloy plant 

t Alloy, W. Va. Sub- 
built at Sheffield, Ala., in 
in 1941: at Marietta, Ohio 


states 


into production 
tly, plant 


I were 
at Portland, Ore., 


id, for United 

n and magnesium metal plant at Spokane 

Wash. in 1942 and at Ashtabula, Ohio, in 1943. The 
Ashtabula plant 


t was acquired by Electro Metallur- 


the 


government, a 


gical Co. from the Government in 1946 

At Marietta, Ohio, an innovation in the produc- 
tion of very low-carbon ferrochromium started with 
the Erasmus-Bagley process for the 


of ferrochromium in a 


vacuum decar- 
solid state reac- 
were broadened in 
installation of electro- 
and At the 
plant the production of titanium 
reduction was instituted in 1956 


Vanadium Corp. of America 


Vanadium Corp. of America owes 


Here, too, the operations 
the pure metal fields with the 
lytic plants for cl 


Ashtabula, 
metal by 


Ohio, 
sodium 


i1romium manganese 


its inception to 
the discovery of vanadium deposits in the Peruvian 
Andes in 1905 to 1906 and 


the chance meetings of 


is 
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im during 


taken 1 


and the product found extensive application in the 


Mfg 


Flannery brothers of 
bde- urgists and South Americans th 


Pittsburgh with 


al caused 
iced int 1 supplying Per 
to the U *s’ steel industry 
James M. F went to Peru 


Fernandini, 
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As a 
in 1906 to ne 
who 
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fast to obtain 


competing for 
Flannery 
Id 
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pieces 


That 


ana 


was the 


Vanadi 


vanadit 
Vanadall l 
and placed large or« 
r road for 
Andes to the Un 


th 


geographically 
roble 
Vanadit 


ail 


-roduct 
nerican 
lla, who 


joined the 
igned methods of 


extract 
ial electric furnaces to product 
l and labor: 
Pittsburgh 

um Corporation of 
acquired the properties 


Co. It expanded 


neal 


industry. At Ni 
America produced 


oduction of terrocnrome 


To manufacture this product, 
provided at Graham, W 

near Steubenville, Ohio, 

te facilities at Bridgeville have 
and replaced by a modern plant and re- 
Cambridge, Ohio, which 


been 


began to 


is a co-produc 
s. The significance of th 

s declined 

became 


e Peruvian 
as the Vanadiun 


extensivels 


vanadium deposit 
of America 
domestic min 


ninin 


Corp 
more engaged in 


Titanium Alloy Mfg Co. 


Titaniu 


ium Alloy Co. was established in 1906 to de- 
velop the patents and processes of Auguste J. Rossi 
relating to titanium and its compounds 

The production of ferrocarbotitanium was under- 


n an electric-furnace plant at Niagara Fall 


manufacture of steel rails, especially from bessemer 


teel. This application declined when open-hearth 
teel took over, but titanium found other uses in the 


1anufacture of special steels 


In 1948 the company became the Titanium Alloy 


Div. of National Lead Co. It operates mines i 


otl 


vanadium 


result, 


metal- 


Electric Reduction Co to produce magnesit 
World War I led to the formation of the HE them to 
num Corp. of America which successfully jum 
a number of ferro-alloys 
ee ate with a | the 
Blast furnace production of ferromanganese. spie- then recently Mina 
geleisen. and silvery ron was well estal lished nm the Ragra He had oriat a! an Of} tion, since 
United State in the last decade of the 19th century other interests were for the property 
The beginnings of the electric-furnace production of With a flair for dran |” by con- 
: alloy compositions beyond the range of the blast verting his capital int preading 
Ce furnace were initiated by James Turner Morehead as them before the Peruvian. Hil HE beginning 
an outgrowth of his attempts to establish the pro- of the American Vanadium Co 
juction f calcium carbide The Will on Aluminum The availability of a source Of Hum came 
‘ Co. at Spray, N. C., working toward the production just in time to meet the demand f t} alloying 
» f metallic aluminum, d vered the electric-fur- metal which arose fron im steel 
nace method of produc in experi- in automobile construct aruucu- 
ments which were inte © calc wm lar believed in the vi taining 
In his expansion of tl ehead ac- steel in this applicatior rs with 
quired power rights va., and at the steel mills 
Glen Ferris, W. Va. A iu Chalmot It was, however, a f ) travel 
: produced the first electric-furnace ferrosilicon made from the heights of the i States’ 
in America. A variety of silicon alloys was produced, automobile plants, not but also 
beginning in 1895. A considerable, early « t t technol e opera- 
of the ferro-allov industry. however itil B. D 
the production of ferrochromium EE y in 1909, de- 
ectile and armor plate in the § m from ore 
War. Morehead established ind 3s} ferrovana- 
cium carbide at Niagara F lt jium. A e put up at 
Ste. Marie, Mich, Bridgev 
illurgical Co. began pl ducing ferro-allovs EE In 191 merica Was 
agara Falls as an extension of its predecessor com- OE GATE f the Amer- 
panies in Virginia and West Virginia ican Vanadium (NN from a single prod- 
Frederick Mark Becket joined the Niagara Falls uct operation by acquiring, in 1924, the assets of the 
organization in its beginnings. and his early work U. S. Ferro Alloys Corp., which included important 
a resulted in the silicor eduction methods en ol ving facilities at Niagara Falls. This plant had been es- 
tablished DS Robert Turnbull who Was an early 
leader of the ferro-all agara Falls, 
Vanadium Corp. of ferrochro- 
oO mium, chromium-silicide, and ferrosilicon, as well 
During Co as other products 
was produ the Another important step in the development of the 
steel indust Re 3 ferrochro- Vanadium Corp. of America was the introduction 
miun ferr Ei ii =ferromo- into the United States of the French Perrin process 
; iyvodenum ferrotungsten, and sliiconzirconiun for the low-carbon 
} alloy content 
“ During the early thirties the Electro Metallurgical facilitie 
Co. started installin both hvdro-electri nd ther- and at \ 
mal The ob 
can abandons 
sequ search ce 
194 yperate in 19 
Vanadium n in many 
United Stat 
A 
| 


Early view of Electro Metallurgical plant at Kanawha Falls, Glen Ferris, W. Va. 


Florida and Australia and produces titanium- and 
reonium-base products for a great many industries 
Pittsbur etallurgical Co 
gh Metallurgical Co. 
Pittsburgh Metallurgical Co. was established in 
9 nd built eduction facility at Monaca, nea1 
Pittsburg! Juring W i War I, the local powe 
mpat efused t vide sufficient electrical en- 
ergy, and the plant had to shut down. As a result, 
the company moved to Niagara Falls in 1919. This 
plant has expanded from its original three furnaces 
to a current capacity of eight 


In 1941 a new plant was established at Charles- 


ton, S. C., with four furnaces. This facility now 
comyt t Ai Ul 

A further plant, added by the company in 1949 
t ( vert City, K iginallv consisted of three 
furnaces. Later expansions have brought the equip- 
ment to a tot f 12 units. This plant is the most 

iern and largest of the company 

Products of this company include silicomanga- 
nese, ferrosilicon, ferrochromium, and ferrochrome- 
silicon 


Molybdenum Corp. of America and 
Keokuk Electro Metals Co. 
In 1915 a group of consulting engineers formed 
1e Electric Reduction Co. This company failed in 
its attempt to produce magnesium by a distillation 
process, but it then began to reclaim tungsten from 
high-speed steel scale, and later expanded this op- 
eration to smelt ferrotungsten and ferromolybde- 
num from ores and concentrates at Washington, Pa 

About 1920 a substantial molybdenum property 
was acquired at Questa, N. M., and the name of the 
company was changed to Molybdenum Corp. of 
America. Recent exploration by Molybdenum Corp 
has resulted in a very large expansion of their ore 
reserves at Questa 

About 1951 a huge deposit of rare earths was ac- 


quired and a number of interesting applications of 


these elements to steel manufacturing problems 
were developed. As far as is known, the deposit 
represents the major world source for rare earths 


Metals Co. started the manufac- 


ire of ferrosilicon at Keokuk, Iowa, in 1916. In 


1948, they acquired Government facilities at Wen- 
atchee, Wash., which had been constructed in 1942 

Keokuk is a producer of fer 


mium, and silicon metal 


Climax Molybdenum Co. 
; World War I, which stopped the flow of 


im to the United States and stimulated 


demand, attempts were made to develop a domestic 
source of supply. According] the Climax Molyb- 
denum Co. was founded in 1917-1918 to exploit the 

: huge Bartlett Mountain deposit. Cli- 
max soon could assure the world markets of a con- 
tinuous supply of molybdenum from a single source 


Business, however, was not ready for Climax; the 


advent of peace left the company without a market 


Then an extensive sales development program was 
launched, and, as a result, molybdenum began to be 
ised in many new alloying applications that have 
remained major outlets. Mining was resumed in 


924, and conversion operations began in 1926 at 
where production facilities for fer- 


molybdenum products 


Langeloth, Pa., 
romolybdenum and othe! 
were provided. Since then, Climax’s single mine has 
accounted for between one-half and two-thirds of 
the world’s output of molybdenum. The hundred 
millionth ton of ore was mined in February 1957, 
and known reserves of ore are sufficient for decades 
to come 

Climax’s position in the ferro-alloy field has been 
based on molydenum. However, 
covery plant, installed in 1948, permits recovery of 
associated mineral values, including tungsten. In 
1950, Climax diversified by moving into the mining 
and milling of uranium-vanadium ores 


a byproducts re- 


The company has successfully developed molyb- 
denum from a rare metal to one of the most im- 
portant steel alloying elements, as well as for many 
other uses. It was merged in 1957 with the American 
Metal Co., Ltd., under the name of American Metal 
Climax, Inc., retaining its identity as a division 
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-Alloys Corp. had its beginning in 1927 

mber of industrialists of Canton, Ohio, 
, ric Pig Iron Corp. and built a small 

at Philo, Ohio. They first made 

and then, in 1928, adopting the 


the enterprise, started producing 


company operating a second 
Tacoma sh., on behalf of the 
rnment. in, in 1951, the Cor- 
ling a plant at Brilliant, 

plant at Powhatan Point, 

‘he Corporation produces a full 


ome and manganese ferro-alloys 


Chromium Mining & Smelting Corp. 


In 1929 Robert Turnbull founded Algoma Smelt- 
Ste. Marie, Ontario, Canada, in co- 
th Francis Fitzgerald and Peter Bennie, 
In 1934 Algoma was taken 
ig & Smelting Corp. which 


V-grade dao- 


Tennessee Products & Chemical Corp. 


In 1940 Tennessee Products, which had been pro- 
1ucInNg pl n charcoal, and che micals, be- 


furnace ferromanganese at 


ns were soon expanded by 
irnaces and the manufac- 


blast f rY 


urnace man- 


t Rockwood, Tenn 
War II, 

only at Rockwood 

adopted the name of Tennessee 

al Corp. and purchased the 

‘o., which had two electri 


we! 
Operatl 


anooga, Te nn., Making terro- 
It was while working at 
Andreae conceived his 
resistance, now known 


Tenn-Tex Alloy & Chemical 
gether with Texas steel inter- 
and three submerged arc 
Houston, Texas, where ferro- 
manganese has been produced since 1952 
Late in 1955 construction of the Roane Electric 
Furnace plant at Rockwood was started, and opera- 
tion began in August, 1956. The plant has eight 
submerged-are and four tilting furnaces making 
alloys of manganese, chrome, and silicon 
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Interlake Iron Corp. 


In 1955 Interlake Iron Corp. acquired the assets 
Globe Iron Co. Globe was founded in 1872 
and engaged primarily in the manufacture of sil- 
very pig. Although Globe installed an electric fur- 
nace as early 1933, > amount power avail- 
able at. . 110, S inadequat to sustain a 
Li-S1ZE 
clent powel! became 


was installed t 


for tl 


con, hi 


manganese 


Other ferro-alloy producers 
About the end of 9th century, Theo Gold- 
hmidt developed the ibility f substituting 
and 
in 
tended for welding purposes, 
Germany into the United States 
Thermit Co., which was formed 


s achieved duru 


hay 


rs nave all 


urnace ferromanganese for home con- 


1S Steel and Bethlehem have produced it 


The industry as a whole 
In the regoing, the hist 
‘ompanies of the Un 
lustry has been described brief) 
ha\ not only grown 
irst established, but have also changed 
name and character. During the lean periods 
st many competitors, and these companies 
survivors. But there have been many more 
t are now only names and memories, and yet 
many of them have made substantial contributions 
art, for it is the men that make the companies 
ferro-alloy industry is based upon the im- 
portant discoveries of men, such as Sir Humphrey 
Davy who produced the first continuous arc in 1800, 
and Sir William Siemens, who operated the first 
direct and indirect are furnaces in 1878. Henri Mois- 
san experimented with the electric arc 12 
later and produced most of the metals, carbides, 


years 


- 
a 
| Ohio Ferro-Alloys Corp. 
Ohio Fe: 
when a n 
formed the 
elect 
terre I hosp! 
fe allovs 
3 By 1941 the 
plant located at nace [i produce fe ilicon. The con- 
United State b struction of a new plant was undertaken in 1954 at 
; poration expar Beverly, Ohio, which now comprises four furnaces 
U! and in 19 "@@Hhe production of ferrosilicon, ferrochrome-sili- 
OU! was and low-carbon ferrochrome, and silico- 
oO 
me ic chrome ores. Developing the processes of tlal volume wa g World War l when 
) M. J. Udy, the company entered the field of exo- the method was applied to the production of chro- 
thermic alloy mium, manganese, vanadium, and tungsten alloys 
In 1947 additional processing facilities were com- Today the principal alloy produced by Metal and 
; pleted at Riverdale, Ill., for the production of exo- Thermit, the successor to the original company, Is 
thermic | ljucts, followed by the leasing from the ferrotitanium, as well as chromium metal and minor 
United Stat government of the idle magnesium amounts of ferroboron 
plant at Spokane, Wash., in 1948. This plant, run by rhe Anaconda Copper Co. has been an intermit- 
the ibsidiary, Pacific Northwest Alloys, Inc., was tent producer of electric-furnace ferromanganese 
Binal oO supply metal for the Riverdale since World War I, basing operations n 
init and w later converted to the production of tana ore 
ow-carbon ferrochrome Hanna Nickel Smelting Co. at Riddle, Ore., has 
In 195] n furnace plant Was! lilt by another adapte i the electric furnace to the production ol 
il liary the Montana Ferro Alloy Corp., at ferronickel from low-grade garnierite ore. This in- 
Woodstock, near Memphis, Tenn., for the production stallation began operations in 1954 
f standard chromium and silicon alloys E. J. Lavino & Co., wl h is an portant } auce!l 
ferromanganese, recenti celebrated thelr ,;Uth 
anniversary as a company. When they purchased 
svivania and in Virginia at the beginning of World 
of ferromanganese in this country 
On occasion, the major steel produce 
R e, Tenn. Operati made blast-f 
sumption; 
continuously. 
ganese tie were 
, 1942 W the 
were re rg nizea al 
ms In 1947 the company 
14 h 
. Product & Chem 
Southern Ferroallo. 
- furnace plants at Chat 
con and terromang 
- Southern Ferroalloys 
theory of electroperipl 
a irede rat 


Electric furnaces of World War | era at Bridgeville plant of 
America Vanadium Co., now Vanadium Corp. of America. 


uce 
Becket 


»aklat- 


i i 

Ir 1914 there vas onl ne Ame cal com- 
pany making fe silicon: in 1917 there were five 
A simila growtl pattern s indicated fi terro- 
chrome ! World War I ten different firms 
made fe nadium and only six lasted into the 
peace 

It was the rumor that the Gern e using 
molybdenum in their heavy guns caused a 
feverish search fo urces of supply United 
States, and brought about our dominant world posi- 
tion in this metal 

A sizeable stock of zirconium ore was assembled 
on the basis of a simila umor, relating to the use 
of zirconium in light armor plate. When it was 


to Dr. Becket. he 


months, 


turned over solved the difficulties 
of production within two and substantial 
quantities of the hitherto unknown ferrozirconium 
became available 

The post World War I adjustment in the Twenties 
caused many fatalities among United States’ ferro- 
ferro-alloy 
locations where cheap power 


end of World War II the indus- 
hydro-electric stations 


alloy companies and saw the 
established in was 


available. Up to the 


try place d its 


plants near 


Since then, they have moved to places where cheap 
thermal power can be obtained. 


1928 on, the growth of the molydenum industry was 


nothing short of spectacular. Actually, the ferro- 
alloy industry as a whole suffered less during the 
depression of the thirties than the steel industry, a 


testimony of the increased significance of alloy steel 
World War II was a period of new growth in the 


and under Government sponsorship it was 


more y and organized than in 1914-1918. The 
vartime and postwar demand for ferro-alloys has 
ised US productive capacity to the highest point 


The availabilitv of low-cost ‘ 
War II has occasioned considerable modific 


steelmaking 


The ferro-alloy industry has felt the 
effects of this development in the changed pattern of 
aw material requirements in the production of 
stainless steel 


From the 


try, tne 


point of view of the ferro-alloy indus- 
most significant development of th 


vears was the introduction of 


vacuum technology on 


an industrial scale. New processes have been based 
n this advance not only fe making low-carbon 
ferrochromium pellets, but also in proc 


columbiun 


~ 


+} 1] na try 


of the ferro-allov industry especially with vacuum 


and consumable e 


Conclusions 
No history of the United States’ 


dustry should be closed without paying 


ferro-alloy in- 


spec al 
tribute to the pioneers who laid its technological 
foundations 

James Turner Morehead established the ir tr 
pray, N. C., and later at Holcomb Rock, Va., 
and Glen Ferris, W. Va., at the end of the last cen- 

y. His pioneering efforts still endure in the cur- 
rent operations of Union Carbide and Electro Metal- 
lurgical Co 

Frederick Mark Becket devised the 
tion processes for the manufacture of the 
bon alloys of the strong carbide formers. His basic 
method was of extreme importance in the develop- 
ment of 

Frank Jerome Tone was the first to produce ele- 
mental silicon in the electric furnace. While most 
of his technical contributions were made in the 
abrasive industry, his early work was of great im- 
portance to the developing ferro-alloy industry 

Byramji Saklatawalla developed the extraction 
and smelting of vanadium from its complex ores and 
made numerous and significant contributions to the 
ferro-alloy industry. 


silicon reduc- 


low-car- 


stainless steel. 
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borides, and silicides made today. His publication i 
The Electric Furna blisk | mn 18907 cig 
i i i Ce SUMMa- 
zed his researches and gave impetus to the devel- purity metals, such aS Ei, zirconium, and — 
pment of the electric-furnace industry. His stu- titanium = 
i 
lent, Heroult, based his successful are-furnace design The utilization of minute additions of elements to a 
n these experiments. Then followed the great achieve specific effects has brought about the appli- a 
French metallurgists, Gin and Coutagne. and the cation of small amounts of boron, magnesium, and Bet. 
German, Goldschmidt, who established the metal- rare earths in ferrous metallurgy. A concurrent Bey 
lurgyv of fe =a VS Dased on the electric furnace trend has been the introduction of new dimensions Be 
and on aluminothermy in purity requirements. Also the requirements of ane 
| 
Up to the beginning of World War I. the Ameri- he atomic energy program have resulted in the de- By: 
can industry was in its infancy and largé velopment of ultrapure metals. Such techniques are ae 
pendent on Europe. Nevertheless, Andreae, || being applied to special problems in ferro-alloy _ 
du Chalmot, Morehead, Price, Rossi and iz; metallurgy, and are now used also to meet the re- = 
walla, and Tone and Turnbull. were even then pi- quirements of the new titanium and zirconium in- ES 
oneering new processes dustries, among others. As a result there has been a g2! 
It was World War I that established a domestic considerable re-equipping of production facilities ara 
ferro-alloy industry: until 1914, substantial amounts ee ee 
of ferro-alloys were imported from Europe. During ectrode furnaces. 
that War capacity for the pro juction of ferro-alloyvs wets 
Was so expanded that at its end many companies aa, 
had to close down, while some took up the manu- ‘a Pa 
‘Ve 


MANGANESE 
and 

CHROME ORE 
OUTLOOK 


by John M. Warde and Eileen P. Burke 


of manganese and chrome have a his 


importance: both metals 


answer the following questions 
rr these key commoditi 
probable deman 
supply prospects, 
‘ly to have or 


(See summary ferecast on facing 


Manganese Ore 


onsumption 

manganese 

ordinary carbon 

Is essen- 

tial for use Because of 
the relatively sm inages, they have not been 
considered ir 
At present, 


review 

no commercial substitute for 
in steel making. Aptly called 
enger metal, its chief function i mi 
harmful effect of sulfur on the rolling and forging 
properties of the ingot. It also serves as a deoxidizer, 
and as an alloy additive it improves the strength 
and toughness of steel. In U. S. practice, about 13 Ib 


of manganese is added in the open-hearth process 


manganese 


1imize the 


for every short ton of steel produced. This manga- 
nese is principally in the form of ferromanganese, 
an alloy containing 70 to 80 pct Mn, obtained by 
smelting high-grade manganese ore in blast or elec- 
tric furnaces. The Free World managanese supply 
problem centers around the ore required for this 
ferromanganese production. While the preferred ore 
for metallurgical use should contain 48 pct or more 
Mn, and meet other chemical and physical specifi- 
cations, no single ore is generally considered ideal 
Normally several ores are blended in the furnace 
charge for ferromanganese production to give the 
desired characteristics 

Demand: As steel production goes, so goes man- 
ganese ore consumption. This is illustrated by the 


J. M. WARDE is mineral economist and E. P. BURKE is statisti- 


cal analyst, Mineral Survey Dept., Union Carbide Ore Co., New 
York City. From a paper presented to the New York Section, AIME 
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791, which gives the 

of steel and manganese ore production in the Fr 
World from 1929 to 1956 with estimates throt 
1970. The average annual growth rate projected 
steel in the U. S., 1954-1955 base, is 3 pct, com} 
with 5 pct for the rest of the Free World. Thes 
timates are based on an assessment of fo! 
various U. S. steel industry observers 

If steel production reaches the levels 
1970, Free World demand for manganes¢ 
metallurgical use could grow to 9.3 million 
tons of the grade now being used (46 pct Mn aver- 
age). This is almost double the 5.2 million long tons 
estimated to have been consumed in 1956. U. S 
share of the Free World demand could drop to 33 
pct by 1970, compared with 39 pct in 1956, if the 
growth rates projected for steel production in 
the U. S. and the rest of the Free World are attained 

Table I shows U. S. manganese ore statistics for 
1957, compared with 1956. Currently, the manga- 
nese ore market is in the doldrums reflecting the 
reduced level of output of the U. S. steel industry 


TABLE |. U.S. Manganese Ore Statistics 


(Thousands of long tons) 


Production ‘Shipments 
Consumption 


United States Bureau of Mines, Mineral Industry Surveys 


e ' a 
1... 
q 
na 
rder O! strate are s: By 1970 
! basic to the metallurgy and usefulness of steel, the and abroad 
fabric on which our economy rests. Looking bevond what effect 
the current recesslor and short-range picture of rld market 
oversupply in these ores, this review attempts t eins pace. ) 
} 
1956 1957 
309 325 
2,122 2,106 
‘ Import 2,120 2,780 
4 SS 


Future Outlook to 1970 


e World demand for both 


is expected to increase 


manganese and chrome 


ores 


e European consumption rates for both chrome and 


manganese are expected to grow faster than the 
U.S 

e The drive for industrialization and conservation 
of resources for home use in major Free World 


manganese and chrome ore producing countries will] 


increase 


e Free World sources for manganese will remain as 
at present except for increases in tonnage antici- 
pated from Brazil, new production from French 


ial Africa, and the 
1 supplier 


Equator! emergence of USSR as a 


prin 


iY 
ipa 


e Supplies of lump metallurgical chromé from 
Free World sources are expected to decline—indus- 


try will be 


forced to greater use of friable ores and 


fines. The USSR is expected to increase exports of 
metallurgical ore to the Free World 
e Refractory chrome ore supplies from the Philip- 
pines and Cuba will decline—refractory producers 
will look mainly to Africa 
e The Transvaal will continue to be the principal 
Free World source of chemical grade chrome ore 
@ Research on the economic utilization of low-grade 
manganese and chrome resources in the U. S. will be 
intensified 

Reserves: World reserves of manganese ore suit- 


able for direct shipme 
grade concentrates afte 
by the U. S. Bureau 
which two-thirds are ir 
in India Af: Ca and 


po 
not 
pres 


Free World Trade: Because of the bulky nature 


of manganese ore, transportation is a big factor. In- 
adequate rail and port loading facilities in the pro- 
ducing countries have, in the past, been serious ob- 
stacles to expanding production. Manganese ore 
generally moves over long sea routes, hence trans- 
port costs are important in determining the con- 
sumer price for manganese ore. In the case of the 
United States, approximate one-third of the aver- 
age price of manganese e delivered to the Eastern 
Seaboard is chargeable to ocean freight. Because 
such a large proportion of the f | cost is transport, 
leliveries are highly sensitive t ges in shipping 
ates 

Supply: Free World production of manganese ore 
in 1957 amounted to about 6 million tons, mainly 
in Brazil, India, Union of South Africa. and the 
3elgian Congo. Of historical importance was the 
emergence of Brazil in first place as a Free World 
manganese ore source in 1957. The bulk of this out- 
put was from the Amapa deposit, jointly owned by 
Bethlehem Steel and Brazilian interests, located 
170 miles up the Amazon in northern Brazil 

The Free World peacetime outlook for manganese 
ore supplies is good. In addition to the continuing 
supplies expected from current Free World sources, 
there is a good possibility that substantial new sup- 
plies will be developed in Brazil and Africa within 
the next decade. U. S. Steel is active in a joint ven- 
ture with Brazilian interests in the development of 
the U: m deposit in western Brazil and is also 


one 


e are large resources of low-grade 
ch could become important if 
gy permit their economic exploitat 


of the great indust1 


ently-usable reserves of mar 


iganes 


advances in 


ion 


It 


1S 


e ore 


FREE WORLD PRODUCTION 
OF MANGANESE ORE 


WORLD 


STEEL PRODUCTION IN MILLION LONG TONS 


_UNITED STATES 


10 


REST OF FREE 


- 
_-REW. 
- 
- 
ail - 
“e- 


STEEL PRODUCTION 


= 


Lt 


Ig!9 1925 1930 1935 1940 1945 


1950 


9955 1960 1965 1970 


Steel Production vs Manganese Ore Production 


NOTE: Free World excludes data from USSR and countries in Soviet sphere; includes data for these areas prior to their entry into 
the Soviet bloc. SOURCES: American Iron and Steel Institute; USBM Manganese Survey (1952), Mineral Industry Surveys, Minerals 
Yearbook; American Metal Market “Metal Statistics”; Stanford Research Institute “Chemical Economics Handbook”. 
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manganese 
tech- 
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rtant to note that, with the exception of the USSR, 
rial nations has adequate, 


MANGANESE PRODUCTION IN THOUSAND LONG TONS 


thes 
= 
or for shipment as hnigh- 
beneficiation, are estimated Bie 
Mines at a billion tons of pat 
he USSR. The remainder is _—_ 
satin America. In addition. 
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2,000,000 
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* IMPORTS 
— EXPORTS 


CANADA \. 


+ 186,000 


UNITED STATES 
+2.121,000 


CUBA 
\— 240,000 


MEXICO 


— 155,000 ~ 


SWEDEN 

38,000 
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+214000/) 
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inola > 
915,000 
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ANGOLA 
- 35,000 
BEL CONGO 
- 336,000 
UOFS.A 
- 457,000 


World Trade in Manganese Ore 1956, Long Tons 
SOURCES: Quin’s Metal Handbook; Alexander Gakner, USBM; Statistical Summary of the Mineral Industry 
USBM Mineral Industry Surveys; U.S. Department of Commerce 
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Mn in 1957. This output came mainly 
a, Nevada, and Arizona. Shipments of 

e manganese containing 10 to 35 pet Mn in 1957 
led 2700 long tons, all of which came from 
1a and New Mexico. Practically all of the 
hipments went to Government stockpiles 

it expected that the 
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1951-56, Published by 


too In 


mtent 


for ‘ial 


resources, tn 1g 


low in grade use 

addition to these 
‘f the wasted portion of open-hearth slags produced 

the U.S ndustry 
tional source of manganese should 
The strateg 
importance of manganese and our heavy 
foreign supplies points up the need for 
research to develop acceptable methods for 
these domestic resources 

Position of the USSR*: The USSR, once a major 

* Based on information supplied b) 
pe , Spec ’ ist U.S. Bureau of Mines. Also applies 


chrome ore 


present re 


steel 
economic re- 
critical 


on 


covery become possible anc 
reliance 
continued 


utilizing 
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Alexander Gakner, East Euro 
USSR 


to the 


U. S. manganese source, is believed to be the world’s 
largest producer of manganese ore. Output in 1955 
was reported to be about 4.7 million tons, of which 
3.5 million tons were consumed within the USSR in 
blast furnaces in the production of pig iron and 
ferroalloys. 

Exports to Free World countries in 1955 from the 
Soviet Union totalled about 350,000 tons which went 
mainly to the United Kingdom, France, and Scandi- 
navia. The balance of the production went to Soviet 
bloc countries and Soviet stockpiles. About 90 pct 
of the output comes from two areas: Chiatura in 
the Caucasus and Nikopol in the Ukraine 

The USSR consumes about 70 Ib 
per short ton of steel produced. Unlike U. 5 
tice, about two-thirds of the manganese goes into pig 
iron used for steelmaking and one-third into ferro- 
manganese for addition in the open hearth. The 
principal reason for this large consumption of man- 
ganese is the high sulfur content of iron ores and 


of manganese 


prac- 
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nterested in a with French interests 
n the developuummammmf an extensive deposit in 
French Equatorial 
There an increasing tendency in ore producing 
countries, notably India and the Union of South 
Africa, toward industrialization and conservation of 
resourc 
U. EE In 1957. 98 pct of the U. S. man- 
ganese ore requirements for metallurgical use were 
itisfied by foreign ore U. S. imports of metal- 
lurgical grade manganese in 1957 totalled 2.8 mil- 
lion lor tor ind came mainly from Brazil (30 
pet), India (25 pct), Ghana (10 pct), Union of 
é South Africa (8 pct), and Mexico (7 pct). The re- 
maining 20 pct came from 22 other countries 
U.S. duty on ore is '4¢ pi 
tained mang 
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and 
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met il 
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for ref Refractor 424 388 Peis: 
for Che 14 133 ee 
( Stock 1,09 1,44¢ 
Source: United States Bureau of Mines, Mineral Industry Surveys aves 
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metallurgical 1 ! I are very extensive. Turkey also has large reserves 
expected to pal *] v th New Caledonia is currently an important source of 
indicated by the hi high-grade metallurgical ore, but its reserves have 

mption of metallurgical chrome in not been fully defined. The Philippines is the prin- 
n below. If, in accordance with the “ips 2 


source of refractory chrome ore, but 
arious observers, stainless steel produc- re being depleted faster than new deposits 
found. The Philippines also have some re- 

. i serves of metallurgical ore. Cuba is the second larg- 
rld, by 1970, chrome ore requirements est U. S. source of refractory ore, but its reserves are 
irgical use in the Free World could reach not extensive. Among the other Free World sources 
roximately 3.4 million tons. This represents a are India, Pakistan. Sierra Leon 
-fold iv 
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an average annual rate (1955 base) o 


United States and 1] for the rest o 
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and Greece 
icreas over t ‘ nt ; rca 
Ase € le apparent consumption of In the Soviet sphere, the USSR is reported to have 


million long tons in 1956 ’ } ’ 
ton dds extensive deposits of chrome ore, and Albania’s re- 


duced a 1e projected rate 
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67 pct in 1956 


serves are said to be substantial 
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: grade resources contained in the world deposits of 

bulk of chr refractories used 

teel lode chrome ore, large potential sources of chrome 

eel industry is compos if chrom re 
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lely varying additions of sintered magnesite recep 

} i b] } s, Celebes, and the USSR. Cuban reserves of 

cnrome is considerabDiyv cheape! intere T 

a v. ie such material are estimated by the U. S. Bureau of 
is normally us in the m um 
is normally used i : Mines at 3 billion tons containing about 50 million 

asible. Shor ref ry chrome o1 


of chromic oxide 
expensive, to j 
ite wil ler Free World Trade: With the excepti 
lemand r refractorie: USSR, chrome ore production 
projected to inc » through ex reas, hence the bulk of the 
steel prod ion. At the 1E8( nternational trade channels 
growth rates for crude steel production h nd As in the case of manganese, 
abroad, chrome ore consumption for refracto key factor, and inadequate transportati 
purposes in the Free World by 1970 could 1 1.3 in the Free World producing countries 
million long tons. This increase would be about 1.4 deliveries in the past. Because of the distan 
times the estimated 1956 consumption level of 900,- volved, ocean freight makes up a substanti: 
000 long : of the cost of the ore in Free World countries 
If the average annual post-war growth rate for 
chrome chemicals of about 3 pct (base 1954-1955) Supply: Chrome ore production in the Free World 
assumed to continue through 1970, chrome con- 1 1957 amounted to about 3.5 million tons and 
for chemical use in the Free World is ex- 
to reach 437,000 long tons or 1.2 ss the 


It has been 


lode deposi 
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timated consumption of 361,000 long tons in 1956 
ts bv tvpe 
Reserves: The Transvaal and Southern Rhodesia OY type al 
orade met: mreic mn 
count for an estimated 80 pct of the lode chrome grade metallurgical lump, 
refractory 2 to 3 pct: and high 


80 pct. In contrast, the use patte: 


he world. The Transvaal’s reserves 
ore are measured 
i Southern Rhodesi 


marginal metallurgical 


(943 1944 B45 946 947 1946 1949 (950 195 (952 955 1954 1955 1956 965 


United States Chrome Ore Consumption for Metallurgical Use and Stainless Steel 
Production 1940-1956 with Projections at 6 pct through 1970 


NOTE: Chrome ore consumption projected from the average of 1953 and 1954, as later years reflect Government stockpiling of 
ferrochrome. SOURCES: AMM “Metal Statistics”; AISI; USBM Mineral Yearbooks and 1955 Preprint, Mineral Industry Surveys. 
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“A, 
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been roughly 50 pct high-grade metal- 


lurgical lump; 35 pct refractory and 15 pct chemical 


If Free World 


jecade has 


demands increase as projected, 


supplies of high-grade lump ore presently required 
for metallurgical use and high-alumina ore pre- 
ferred in the U. S. for refractories manufacture, are 


expected to become progressively short. This will 


require significant changes in metallurgical tech- 
nology to permit the increased use of friable ores 
and ores of lower grade to meet these demands. It is 


anticipated that principal Free World sources of 
chrome ore through 1970 will continue to be about 


as they have been in the past with a significant shift 
to Southern Rhodesia and the Transvaal for re- 
fractory ore as PI ilippine and Cuban reserves be- 


come depleted 


ore 


of the chrome 


chrome 


U. S. Position: Practically all 
consumed in the U. S. is imported. In 1957, 
ore amounted to 1.8 lion long 
which 25 pet came from the Union of South Africa, 
25 pct from the Philippines, 24 pct from Southern 
Rhodesia, and 18 pct from Turkey. The remaining 8 
pet was supplied from six other countries 
Known U.S 
fornia, Montana, Oregon, and Alaska 
chrome ores in California, Oregon, and Alaska a 
technically acceptable but cannot be mined at cur- 
rent competitive prices. Extensive deposits of low- 
grade reserves of ore not acceptable in present prac- 


tice occur in Montana and Oregon 


imports mi tons, of 


reserves of chromite occur in Cali- 
Some of the 


it 


World Trade in Chrome Ore 1956, Long Tons 


SOURCES: Statistical Summary of the Mineral Industry 1951-56; USBM Mineral Industry Surveys; U.S. Department of Commerce 


to 


Production (shipments) in 1957 amounted 
147,000 long All output f California, 


tons Was trom 


Montana, Oregon, and Alaska. About three-fourths 
of the production was submetallurgical-grade con- 
centrate derived from ores of the Mouat Mine in 


which 


Montana, is operated by the American 


the aid and 


purchase 


of a loan 


contract by the Government 

Virtually all the domestic output was purchased 
by the Government incentive prices under the 
‘urchase Program for domestic ores and concen- 
trates and under the terms of a contract with 
American Chrome Co 

Large scale exploitation of U. S. reserves awaits 


the development of economic methods for utilization 


. 
of low-grade ores 


Position of the USSR: The chrome resources of 
the USSR are known to be extensive. Output in 


1956 was estimated at 600,000 long tons, the bulk of 
which was within the Soviet Union, or went 
to Soviet bloc countries or Soviet stockpiles. About 
65,000 tons was exported to the United Kingdom, 
Germany, Norway, and Sweden 


used 


Formerly a principal Free World source of metal- 
ical ore, the USSR is again entering the world 
It is believed that in the foreseeable future 


¢ 
Ol 


ro 
i, 


market 
the USSR will continue to export in the range 
70,000 to 100,000 tons. It is also to be expected that 
exports from Albania to the Free World will expand 


for foreign exchange 


lu 
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and explains 


scientists and 


Vie ( are viewed from the vantage po of how they are 
ed and 1 rather than from the science that underlies 
‘ el difficult to differentiate problems associated with differ- 
( ate? hence, the trend toward materials 
ree 


by John H. Hollomon 


‘ e } led fron tr t on, trom master to 
| t i was close iarded like witchcraft 
Bu ne l7th centu ner stry be n 
meé curl t began t nfluence the 

pme th the metallurgical industry and 

‘ 1 Tl chemistry of metallurgical process- 

is the n of tallurgical engineering in 

ntu The deve ment of the open- 

he th ‘ fo teelmakir Was at imph of the 
pI ition of inorganic chemistry to metallurgical 
The Hall aluminum production process 
vent n the ea part of this century, was a tri- 
ph of electroche muistry, a branch of the de velop- 

' er trv and of the technology of electrical en- 
ering. The Kroll process for the production of 


nother application of inorganic chemis- 
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Metallurgy & Ceramics, Research Labora 
tory, General Electric Co., Schenectady, 
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try to the refining of a metal. The interaction of 
chemistry with the pract cal product n of metallic 
materials led to chemical engineering and i espon- 
sible for its kinship to metallurgy. Even now in many 
academic institutions in America, metallurgy is still 
associated with chemical engineering and is consid- 
ered to be based only upon chemical process tech- 
nology 
Examining the structure of metals 

Near the turn of the century, metallurgists began 


t 
the micr 


to oscope to examinge 
served microstructures and correlated them with the 
differences in the behavior of metals and allovs, par- 


ticularly their mechanical behavi: 


taneously, thermodynamics began to be used by sci- 
entists, such as Rooseboom and Tammann, to under- 
stand the origins of the structures of metal 


samples. Bain and Mehl in America, and the metal- 
lurgists at the Kaiser-Wilhelm Institute for Eisen- 
forschung in Germany applied the knowledge of the 
kinetics of reactions of Volmer, Becker, to the 
nucleation and growth of phases that were revealed 
by microscopic examination. X-ray diffraction be- 
gan to be applied to the identification of structure 
and to the description of the crystallography of the 
deformation process 
Metallurgy, prior to about 
pendent almost exclusively on inorganic 
on thermodynamics, and to a mucl extent, on 
the understanding of basic principles of kinetics, 
that is, of nucleation and growth. Metallography de- 
pended on optical and X-ray techniques. About this 


et al., 


1935 to 1940, was de- 
chemistry, 
1 lesser 


Information on the role of 

dislocations in plasticity of 

solids has been gained by 

studying ceramics, metals, 

and semiconductors. Ex- 
. amples of etch-pit technique 

for revealing location of dis- 


locations: lithium fluoride ot 
left; and silicon iron at 
right. 


NTIL the middle 19th century, there was little 
ry 
4 
> 
. 
j 
. 
4 


Polarized light micro- 
graphs, showing crystal- 
lites growing in: cast iron, 
graphite, S500X reduced 
by 35 pct (above); silicon- 
like polymer, 1600X re- 
duced by 58 pct (top 
right): and amorphous 
tantalum oxide, 500X 
reduced by 33 pct (bot- 
tom right). 


at the significant 
uniquely 


tus and those diffi- 


properties of metals depe nded 


ogressed along a parallel 


course, the analogous events occurring perhaps 20 
years later. Beginning about 1920, or perhaps a little 
earlier, inorganic chemistry began to be applied to 
the processing of the oxides and the silicates that 


In the US, the Uni- 
in the development 


chem- 


make up porcelains and clays 

versity of Illinois was the leader 
of a ceramic technology 
istrv id ) herm iv mi I Lot cener! llv 
istry and on thermodynamics. it Was not generally 
that micro- 
proj mate- 
rials even though petrographic and X-ray techniques 


1ase identification 


based on inorganic 
recognized until very recently, however, 
tr 


structure affected the properties of ceramic 


had long been used for pt 
Organic to polymer chemistry 

The development and use of plastics and poly- 
development of or- 


As soon as it 


meric materials came with the 
ganic chemistry over 100 years ago t 
nined that the carbon-hydrogen bond had 

teristics and could be manipulated to 
compounds, and oil and coal 


ty 


was deterr 

peculiar charac 
produce new 
derivatives could be made to produce new kinds and 


organi 


types of materials, polymer chemistry evolved. From 
these beginnings, polymer chemistry and the asso- 
ciated technology permitted the growth of the mod- 
ern chemical industry based on chemical synthesis 
It is on this ancient technology that this industry de- 
pends. The importance of the microstructure of poly- 
within the last 


mers was recognized only several 


years. 
Electron bonding explained 

Semiconductors, used for years in radio crystal 
sets, began to be industrially important with the de- 
velopment of the transistor. Quantum mechanics 
had made possible an understanding of the bonding 
of electrons and had answered questions about the 
transport of electrons in solids, explaining the differ- 
ence between the conductivity of metals, insulators, 
and semiconductors. It was apparent that semicon- 


ductors were distinctly different from metals, and 


upon the 


presence of certa rities. Understand- 
ng transistor act inderstanding the 
quantum mechanical properties of elec ns and the 
ntimate electronic-atomistic nteractions. The de- 
velopment of solid state electronics depends upon 
this knowledge and upon the application of estab- 
lished metallurgical techniques to semiconducti 

mate als throug! the I oduc on of s ole crystals 


of pure materials 

It is now becoming clear that the cohesion of a 
these solids is determined by similar considerations: 
eraction o 
ions and electrons. Only through an understanding 
of this interaction can the binding between the atoms 
be predicted. Furthermore, it has become recognized 
that the mobility of atoms or molec 
fusion in the solid state is governed by the same set 
of rules. The deformation behavior of all crystalline 
materials, whethe1 i 
als is determined by the generation and motion 
defects (dislocations). The most beautiful example 


o! 


binding is determined by the complex int 


oxides, carbides, borides, or met- 


a dislocation actually observed in the process of 
deforming of a crystalline solid was obtained in 
studying the infrared transmission in semiconduct- 
ing silicon. More recently, dislocations have been ob- 
served in lithium fluoride and by different tech- 
niques similar dislocations have been found in sili- 
con iron, an important commercial metallic mag- 
netic material. 

The science that underlies the behavior of metals, 
ceramics, semiconductors, or polymers is the same 
and it can be applied even when the materials are 
not crystalline. One of the most important problems 
that faces the physicist and chemist today is the un- 
derstanding of the detailed nature of the liquid state 
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time it became clearly recognized tI 
on their structures, both the obvi =. 
And 
that their conductivity was dependent 
é 
ae 


f liquids can be predicted 
,and how these same prop- 
yperties of the corresponding 


Materials viewed from processing 
standpoint 
When materials are viewed from a different va 


if how they re processe iandu 


of th e that 


underlies 


roblems associ 


rials 

involved 

Lists) 

involved in rolling me 
urification 


‘chemistry 


ig and casting 
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automobile esigner, 
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concerned 


is concerned with 
h fre 


yuencies 


Material engineers 


erials-consumin 
cal engineers are 
rs because ceramists, 
and semiconductin 
itlook n 
eople study, develop, and apply met- 


‘e them in the metals-producing in- 


dustries. These people determine the requirements 
to be met by materials in the expected service 
They specify the properties of the materials, assist in 
their choice for particular use. They develop mate- 
rials—they are material engineers, not metallurgical 
engineers 

n industry and in government, there is a 
need for 1 engineers, for those who 
versed i » problems that have to do with 
specifications of materials, the technology i 
ence involved in their development, their 
and the factors that control their properti 
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Ag Zn Alloy 


Hordness 
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Transformation characteris- 
tics of a silver-zinc alloy and 
a silver-iodide ceramic are 
similar. 
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ae and how the properties 
from a prior considerat 
erties differ from the p: 
crystalline solid 
: rather than from that 
and explains their behavi t is equally difficult to 
lifferentiate with different 
classes of mate Eee ies and institutes of 
a Certainly, tl technol gy and colleges will change to recognize 
i in calendari: that the behavior of all materials is determined by 
= plastics is the the same rules and that these rules are i 
a als. The proces by thermodynamics, by statistical mechanics and 
; the same principles of HE as in that kinetics, and by the physics applied to solids 
of germanium. MeltirE =of ice is actually Several of our leading institutions are taking the 
a foundry process first tentative ste; toward this new approach 
| - The aircraft de Signe irbines. The curriculum that I rod ices a materials scientist 
in company with the ns the is broadly applicable to all materials and should 
‘ designer of refrigerat he best not be a narrow apt lication of science to metals 
; material,” how it is to be r ceramics, semiconductors, or polymers The 
1 leveloped. He is not « or not provincial view of many metallurgy departments 
nel the material is metallic, ceramic or made of greet has led to the offering of materials courses and 
’ cheese materials research in almost all the other aca- 
“4 The engineer interested in the development of demic engineering departments from the mechanics 
power plants is concerned with the improvement of of materials in mechanical engineering tom===s=acular 
: materials that are used in the turbine blade, and he engineering in electronics. i treat 
, ‘ wants the best material solid state science separately, and the technology of 
: The engineer or architect who designs a moder polymers is taught in the chemistry departments 
building more concerned with the character of the The broader, more catholic view will include these 
material which he utilizes. its propertie and its rel- activities to the mutual benefit of all 
} ative economy na particular ap} licatior than he Since science to all materials 
s with whether the material is metallic or ceramic research and es that permit 
The electronics engineer devising an I-F circuit the broad apy | classes ot ma- 
Bs, juestions whether he should use powdered iron or a terials must bi ations restricted 
| piece of lodestone MEMMMbrrites in their moderr to particular ee ract the broadly in- 
. guise). He is not gummed with the question of terested scientist or allow the full exploitation of the 
whether the material he ng to apply is metallic onsequential science. On the other hand, the inter- 
or non-metallic. But he the prop- action of physicists, chemists, metallurgists, and cer- 
erties of all materials at FP amists applying their developments to all materials 
: will be extremely fruitful 
Pe The professional societies mam recognize this new 
1 Fa In the alignment and arrange for its stimulation and for 
: and mecha! the association of those who practice both the science 
j terial eng and engineering f materials. We might even need 
polymer che an American Materials Society with divisions of 
g often too st} science and engineering. Metallurgical engineering 
tries, far m« will become materials engineering. Out of metallur- 
als than produ gy, by comes materials science 
— | 
| 
| | 
| 
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The new 


GLX-W steels, 


with carbon from about 


0.14 to 0.20 pet and manganese at 0.40 to 1.00 pct are 


vield 


being produced in 


strengths up to 60,000 psi 


in hot-rolled plate at prices from 10 to 20 pct above 


those of carbon plate and considerably 
Because of high strength, effi- 
in a considerable reduction 


prices of alloy plate 
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An important step 
This 


steels, 


new development of c 
following that of the vanac 
ilv, and 
grained 
idustry, an rward in 
duction of low-cost, metal by 
industry 
W. D. MacDonnell, president of Great Lakes Steel 
Corp. has 
new columbium-treated 
“The new steels are regarded as an important met- 
allurgical advance, becafise they make available, on 
production superior qualities of 
, toughness, and weldability, previously ob- 
tainable only in higher priced steels and the even 


costly light metals used in many products 


stated that cost savings 


effected by 


steels range up to 35 pct 


basis, 


more 
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“forts to produce high-strength, miid-cardon steeis have ted to the investi- 
gation of additives required for the formation of fine grain structure iv. 
Vanadium has been used for several year 
anaadium nas Oeen used for severai years. Vow coliumodium-treated steeis 
have hit the market @s a new low-cost answer ae 
by F. Weston Starratt 
irst to hit the market with columbium-treated in the weight f columbium-treated steel required a 
steels is Great Lakes Steel Corp. with the an- for a given structure or in the thickness of plate de- = 
nouncement of its new GLX-W series. This is no manded by a pressure vessel or line pipe. The pos- be 
the first, nor the last, that we shall hear of these sibility of such weight reduction means a consider- Ao 
} liumt steel is 
steels, but Great Lakes, in an effort to diversify pro- able savings when the columbium treated steel 1}! a 
aquctior nd reduce dependence upon the cold-rolled substituted either for carbon or for ailoy steel plate } 
sheet market, Nas been pushing Nara and fast in this Little has been said of the cold working properties de a 
realm of low-cost, high-strength, mild-carbon steels of columbium-treated steels, and Great Lakes is ‘al 7 
The object f this effort is the development of a new fferu 1 niv in the form of hot-rolled plate, with ie 
market for medium and I'ghnt plate. ColumbDlum- its hopes largely pinned on the producers ol! line aa 
treated steel, in the form of hot-rolled plate, Is ex- pipe. Columbium treated steel’s high-strength, duc- rieh 
pected to find such a market with the producers of tilitv. and weldability commend it particularly for 'E- 
welded linepipe and light structural shapes : vn 
a 
Largely economics 
nenlidat 
Thj] ety lun lay to consolidate 
While the properties of the new columbium-treated é 
steels may be achieved by other alloying elements, its pr po eel compan é Bs 
the basic factor in their present development Is aiso bec umbDiuM-treatead steeis 
largely one economics. Vanadium-treated steels Republic for one, is reportea to Nave 
‘ nrohier nd wi hortly put 
brought out seve ral vears ago bv maior steel pro- wi cea uction prodiems wlii shoruy put 
ducers. were also fine- sined. mild-carbor teels bium-treateda steeis on the mar- 
ld f has largely been that of the P = 
that could achieve many if the - na largel 1 tné 
ment f allo tes but at re who, seeing the success of vana- oe 
due to the small quantit has felt that columbium might + 
Columbium now shows jot a 
equlrements 
th 
ne order ol Ct 
fication mechanism of mild- a 
ice a hne-grainea structure, 
high-strength steels, pre- 
iv heat treatment or alloy 
ranges of semi-kKilled 
d 
ae 
. 


NICKEL-COBALT SEPARATION 
AT SHERRITT GORDON 


Summarized from an article by 


V.N. Mackiw, W. C. Lin, R. L. Benoit, and T. W. Benz 


T= Shi 


ind 
reduced selec 
id precipitate iasa 
continued until the nickel 
tion decreases to approximately 
nt only about 
been reduced 


i nic kel ant 
reduction op 


After nickel reduction, the solution contains about 
gz pel liter each of nickel and cobalt These 
metals are precipitated from solution with hy 
sulfide and the resultant mixed sulfide residue sepa- 
rated from solution by filtration. The barren solu- 
tion, containing ammonium sulfate, is se to the 
crystallize for the product on of fertilizer-grade 
ammonium sulfate. The mixed nickel-cobalt sulfide 
precipitate is then pressure leached and the clari- 
Vv. N. MACKIW, W. C. LIN, R. L. BENOIT, and T. W. BENZ 
are with the Sherritt Gordon Mines, Ltd., Ft. Saskatchewan, Alberta, 


Canada. This paper was presented at the 1958 AIME Annual 
Meeting 
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sepal ately 


Process description 

Development work on the cobalt recovery 

d in the Research & Development 
Mines as early as 1952. By the end 
been accumulated to allow 
ry pilot plant operations to | arted. The 
cess Was finalized early immediately 
the production specification cobalt 
was undertaken on a semi-commercial scale 


process consists of the following operations 


Preparation of sulfide slurry 

b) Dissolution of nickel and cobalt as sulfates by 

oxidation in aqueous acid solution at an elevated 
emperature and pressure; 

c) Removal of iron from the leach solution by 
ind filtration; 


Preferential reduction of nickel by hydrogen 


in elevated temperature and pressure; 

e) Reduction of cobalt by hydrogen, also at an 
elevated temperature and pressure; and 

f) Handling of metal powder (washing, drying, 
briquetting ) 


a) Feed slurry preparation 

The mixed nickel-cobalt sulfides precipitated in 
the refinery are filtered and washed with water in a 
Sweetland filter press. After washing, the material 
has the following typical analysis on a dry basis: 
19.9 pct Ni, 19.7 pet Co, 0.2 pct Fe, 31.0 S,, 9.5 pet 
NH,,, and 1.3 pet Zn. The calculated ammonium sul- 
fate content is 36 pct. 

The mixed sulfide filter cake is repulped with 
water in an agitated tank. The amount of repulp 
water is controlled so that the required concentra- 
tion of metals will be reached after leaching. The 
slurry pH is then adjusted with sulfuric acid to en- 
sure proper conditions during leaching. Finally the 
feed slurry is pumped continuously into the leach- 
ing autoclave. 


i 
a a ( é ( pper-co 1 ae ce ate na eat ng 
operatior na eg eda tire leretl ree oF specia tech? ques for the 
3 eparation of nicke ana coovatt rhe process described in this paper can 
ID} minor mod catior oa de range of nickel and 
’ rritt Gordon nickel refinery at Ft. Sas- fied leach solution subjected to a two-step hvdroger 
in treats nickel-copper-cobalt sulfide reduction in order to recover nickel and cobalt 
‘ concentri In a continuous leaching operation, us- | 
ng ammonia and compressed air at 180°F and 100 
ae psig pressure. Nickel, cobalt, and copper are dis- 
F oived in the form of complex metal ammines. Iron 
‘ remau with the undissolved solids mainly is 
fe c Oxide and is separated from solution by thick- 
ening and filtration. Copper, precipitated from solu- 
t n i tne ilfide, and exct iree ammonia are re- 
moved in a continuous distillatior ind fhitration 
operation. A stripping step, using hydrogen sulfide 
0 elemental removes rie residual copper, 
PI 
Chis solution is purified in a combined oxidation 
and hydrolysis operation, where the unsaturated 
iifur compounds are Oxidized and ammonium sul- 
famate is hydrolyzed. The purified solution, contain- 
ng 45 g of Ni per liter and 0.8 g of Co per liter, is 
then subjected to a batchwise reduction operution. 
rrous 
tively 
iction 
solu- 
nt in 
4 ep in 
cu dur- 
ing the routine eration in the nickel 
refinery 


The dissolution of mixed nickel-cobalt sulfides 


into solution as sulfates was found practical in an 


acid medium at an elevated temperature when using 


compressed air. A number of variables—pH, 


101 qua i and agitation affectir the 
above eactior vere tudied in detail to establist 
the optimu! ting cor tions 
7 ] 
It was found that unless the pH of the solution 


If present in ex- 
cessive al int these ct are not ox1daizea 
completely during the subsequent purification step 
and cause a higt s ilf i content n the fir il metal 
p juct. Furtherm basic salts a co- 
Dalit te! it pres pitate at I creast 
the losses of these metals in the sidue 
Hence the mixed sulfides slu with 
Sl i} to leaching 

lly, higher temperature promotes faster re- 
actior tes. but the corrosion of the vessel under 
acidic condalitior must be considered. Since a pass- 
ng through the solution will carry with it more 
water vap¢ t higher temperatures heat loss due to 
evape tion becomes excessive as the temperature 
s increased. Considering all the problems involved, 
a temperature of 250°F and a total pressure of 100 
psig were selected as optimum conditions 
Leaching is carried out in a stainless steel, hori- 
zontal, m mpartment autoclave. Each com- 


partment is equipped with an agitato! and a stain- 


less steel coil. Either steam or cooling water may be 


used in the coil to maintain the required process 


injected into each compartment directly un- 
der the agitator! Ar 


achieve fast reaction rates However, 


excess Of air is necessary to 


increasing the 


air supply to give an oxygen utilization below 50 pet 
Thus, 


to achieve a 50 to 60 


reaction rate furthe 


closely 


does not impro 


feed rate is cont! 
pet oxygen ultlllz 
The concentration of ammonium sulfate in the 


leach solution in the range of 0 to 150 g per liter 
was studied. Over this range, it was found that the 


concentration has little effect on leaching. However, 


a minimum of 80 g per liter is necessary to prevent 


the precipitation of basic metal salts in the subse- 


reduction operation. At concentrations above 


quent 
100 g per liter, 
solution is encountered, making it difficult to handle 
the scjution. In addition, it was found that at high 
concentrations the rate of reduction is slowed down 
considerably in the subsequent nickel preferential 
reduction step. Hence, the concentration of ammo- 
nium sulfate is set at 80 to 100 g per liter in the 
leach solution 

The retention time in the autoclave is approxi- 
mately 2 hr. After this time, more than 95 pct of 
the nickel and cobalt are oxidized to form soluble 
sulfates. The pH of the discharge solution ranges 
from 1.5 to 2.5 and the metal (Ni + Co) content 
averages 50 to 60 g per liter. The discharge solu- 


crystallization of the salts from 


tion contains ferrous and ferric sulfates, as well as 
fine suspension of unleached nickel and cobalt sul- 
fides and ferric oxide particles; all of these impuri- 
ties have to be removed to ensure the purity of the 
final metal product. This is done in the next oper- 
solution purification. 


ation 


c) Solution purification 
The purpose of the purification step is to remove 
from the solution all of the compounds that may 


purity of the final metal prod- 


rY 


¥ 
eventually affect th 


uct. These are the soluble ferrous salts and fine sus- 


The autoclave discharge solution is cooled to 


180°F and transferred to an agitated tank where 
purification is effected at atmospheric pressure. Air 
is supplied to oxidize the ferrous salts, and the pH 


5.0 to precipitate all the 


Of the other process val iables operating pressure, 


temperature, and agitation were studied. The re- 
sults indicated that very little could be gained by 
the application of higher than atmospheric pressure. 
In additior temperature above 160°F helps to co- 
agulate the ferric oxide precipitate which improves 
the filtration characteristics but does not increase 


appreciably the rates of oxidation and precipitation. 
Good agitation of the slurry was found to be essen- 
tial, since it had an appreciable effect on the oxida- 


tion and precipitation rates. Thus, in practice, the 


purification reactions are carried out at atmospheric 
pressure in an agitated tank at 180 F with a solution 
pH ranging from 4.9 to 5.1 

Solid ammonium sulfate is then added to the puri- 
fication vessel to increase the concentration to the 


level required for optimum performance in the 
1 operation. The solution from the 
purification step is clarified using a vacuum leaf 
filter and filter aid. The residue is recycled to the 
leaching circuit in the main refinery. The purified 
ready for nickel pref- 


rified solution is now 


erential reduction 


d) Nickel preferential reduction 
Nickel preferential reduction effects the separa- 


tion of nickel and cobalt from solutions containing 


lfates of both metals. Nickel is preferen- 
tially precipitated by reacting the solution with hy- 
drogen under closely controlled conditions of pH, 


emperature, and p! 


Like all other reduction operations at Sherritt 
Gordon, the nickel preferential reduction is per- 
formed in an agitated horizontal autoclave equipped 
with three agitators each having two Struthers 
Wells impellers. These are radial-type impellers 
with vertical blades. This process consists of a series 
of batch operations grouped in cycles. Such a cycle 


consists of the following operations 


1) Nucleation leach, 
2) Nucleation reduction, 
3) 12-15 densification reductions, and 


4) Plating leach. 


The purpose of the nucleation leach is the prepa- 
ration of a solution suitable for the following nu- 
cleation reduction. It is done by leaching nickel 
powder with air in an ammoniacal ammonium sul- 
fate solution. The leaching is carried out at 200°F 
under a 100 psig air pressure. The initial ammonium 
sulfate concentration is 200 g per liter. The desired 
final nickel concentration is 40 to 45 g per liter, and 
the nucleation leach operation takes normally 6 
to 8 hr. 


DECEMBER 1958, JOURNAL OF METALS—801 


b) Leaching 
I ntra- pe 
| 
during leaching is sufficiently low, ranging from is raised to approx itel = 
1.5 to 2.5. oxidation of the sulfide sulfur is incom- iron in the form of hydrated ferric oxide. ine pH is eee 
i } iq hvdrou mmonis 
let ne ‘ ted ulfur comt inds as diusted bv the idit nnva is ammonia 
plete ] ] adju 
t 


J ] tin red 
Nucleation reduction produces seed powder for 4) The number of densification operations per- 
l i i Catalyst in the ubseque nt densification re- formed per cycle is greater, ranging from 25 to 30 
ductions. The autoclave is first purged with inert and 
fas d th with hvd T 
ina tne hn hydrogen. The solution tempera- 5) The plating leach is carried out using ammo- 
ture is then raised to 350°F, the nucleation catalyst nium sulfate solution containing enough ammonia 
njected into the autoclave, and hydrogen is in- to give a free ammonia:cobalt ratio in the leach 
roduced. D iring the nucleation reduction the pres- solution in excess of 5:1 
sure Is maintained at 500 psig. Using ferrous sulfate 
as a Catalyst, the nucleation reduction is normally The plating leach solution cannot be used for nu- 
completed in a few minutes. The fine powder is al- cleation; so, it is recycled to the cobalt-bearing solu- 
lowed to settle, and the nucleation end solution is tion in storage. The cobalt reduction end solution 
decanted from the powder! contains approximately 0.8 g per liter of residual 
; Next the autoclave is charged with preheated cobalt and 250 g per liter of ammonium sulfate. It 
purified leach solution, and again brought to the op- is transferred to the ammonium sulfate recovery 
erating temperature of 350°F and pressurized with piant 
i } ijrogen to 500 psig An ant plastering agent is in- The tics of both nickel and cobalt reductior 
is described in some detail in the « ir rt 
t Metal powder handiing 
present act as the catalvst Freshly ed 
tuced nickel sike the nickel powder, the cobalt powder can 
coats the seed particles in the suspension, increasir j } 4 ¢ j il 
y be washed efficiently using water and a pan filter 
neir size and apparent density, thus the term densi- 
Care must be taken to prevent contacting cobait 
applied to this step he antiplast 
: PE ‘ p. The antiplasterin powder with air, since it oxidizes rapidly, and in the 
‘ ; i ‘ ition of earic acid, and it is added t drving o ration an inert atmosphere has 
i : medium 
the wader IS allowed to sett tr obalt-t rin ld 
. Dried cobalt powder is either b iquetted or sold in 
t lrawr ff i ti ] } 
original 
li f h 
ommercial application of the process 
As soon as the principle of the new proc- 
ensifications, this 1s due to the increasir rse- . 
ess were worked out by Sherritt Gordon research 
ne the powde wit a consequent i l la} 
. . — gradual de laboratories, pilot plant operation on a semi-com- 
crease t ctivitv as a catalyst ] 
‘ft mercial production scale was undertaken. A new 
: one pilot plant was designed and built at Fort Sas- 
the } wae ire lic! irged nt the flash ta kK The our 
katchewan. The designed capacity of 500 Ib of 
I ecanted and jo1ns the pro cer re 
I vi specification cobalt powael daily was reached afte! 
ou batche is the cobalt reduction feed s lution t 
T) P a few months of operation 
ne metal powder produced contains up to 20 pct Co or 
I I . il! if <V pet Ut The typical compositions of the ana 
na eitne ecvcied ft tne efinery leach I t o7 
head } ted } spy } pte produced in the course of the as 
i ea, aried, DI! and a a hnisned follows 
n cycl ensul satisfactory 
on in the following cycle. It is leached with ammo- 0.04 0.78 0.02 6 
nium sulfate solution and r at 200°F and 100 p 
Otal pressurt 
After th lating leach. th a, ee Te While important in treating solutions at the Sher- 
ne plating teacn, the nickel preferential re- 
_— , ritt Gordon plant, the importance of the new process 
duction circuit is again ready for the nucleation : 
' lies in the fact that it can be applied with only minor 
} 
modifications to a wide range of nickel and cobalt 
bearing solutions 
e) Cobalt reduction 
‘ Cobalt reduction is performed in equipment iden- Bibli h 
tical to that used for nickel preferential reduction ibDliography 
‘ The sequence of operations and the operating condi- F. A. Forward N. Mackiw: Chemistry of the Ammonia 
{ ‘ . Pressure Process f hing Ni, Cu and Co from Sherritt Gordor 
ions are similar with the following exceptions Sulfide Concentrates, JourNaAL oF Metats, March, 1955 
1) A small amount of a mixture of sodium sul- chiw. W.C. Lis ne 
fide and sodium cyanide is used as the catalyst for by H gen fr niacal Nickel Sulphate Solutions, Journat 
: or Metats, June, 1957; AIME Trans., vol. 209, 1957 
the nucleation t shed Reports of Sherritt Gordon Mines Research and De 


2) Ammoniacal polyacrylic acid solution is used D. M. Wyslouzil, R. L. Benoit, W. C. Lin, W. Kunda, S. Roman 


he nt sctering tent the Banti huk nd T. W. Benz 
| as the antiplastering agent during the densification FA. Schaufelberger: Precipitation of Metal from Salt Solutior 
t Reduction with Hydrogen. Mryinc Encrxeerinc, 1956. vol. 8. No 


operations; 
5. pp. 529 to 548 
3) An excess of ammonia is added to the auto- F Schaufeiberger i T. K. Roy: Separation of ¢ 


Nicke und Cobalt by Selec Reduction fron Aqueous S 
clave to ensure the complete reduction of cobalt: Bull , : ‘ 


1.M.M. 581, April, 1955, pp. 375 to 393 
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NUCLEAR METALS 
OPENS 
NEW LABORATORY 


Consistent with the constant demand for 


ncreased knowledge of the “exotic” 
etals, Nuclear letals, Inc has 
panded research facilities by transfer- 
ring operations to a new laboratory at 


EDICATION of a two million dollar 


and development laboratory in Concord, Mass.., 
marked the latest advance of Nuclear Metals Inc 
n the field of metallurg It is situated on a 40 acre 
tract, a short distance from the Waldon Pond and 


86.000 Sq 


research 


fundamental researcn, 


pnysical metallurgy, extractive metaliurgy, tabdrica- 


tion, fuel element manufacturing, and high-temper- 


MIT auspices unti 
1954, when Little, Inc. and Allegheny 
Ludlum Steel Corp. were selected by the US Atomic 


Energy Commission to continue the activities of the 
Metallurgical Project. In addition to serving as a 
prime contractor to the AEC in the research and de- 
velopment of new materials, Nuclear Metals has 


the US Dept. of De- 


The original assignment given to the MIT grou; 


n 1942 was the development of uranium melting 
techniques for the first Chicago pile. Nuclear Metals’ 
most recent assignments include the development 
and manufacture of fuel elements for the Enrico 
Fermi Fast Breeder Reactor and development of 
nose cone materials for re-enty into the earth’s at- 


Between these assignments, it has worked 
on virtually every existing metal in the development 
of new materials for the nuclear-space age 
Nuclear 
velopment work on the pure metal, alloys, and com- 
pounds of beryllium, aluminum, vanadium, chro- 
mium, gallium, yttrium, zirconium, columbium, 
molybdenum, hafnium, tantalum, tungsten, thorium, 
uranium, and a number of the rare earth metals 


Metals has carried out research and de- 


Research groupings 


Nuclear Metals’ research and development efforts 
are grouped into departments operating under the 
supervision of Dr. Albert R. Kaufmann, vice presi- 
dent and technical director. 

The Mechanical Metallurgy Dept. consists of an 
Engineering Metallurgy group, a Materials Fabri- 
cation group, a Foundry group, a machine shop, and 
a welding shop. The Engineering metallurgy group 


researcn 


One of many spectacular developments at Nuclear Metals is a tech- 
nique which permits the welding of most metals in vacuum. It 
makes use of a focussed stream of electrons shot from an electron 


gun 


and cermet ma- 
terials into useful shapes by neliting, WOrkKing, 
shaping, and cladding one metal with anothe! 


The Metallurgical Research and Development 
Dept. consists of groups in chemical metallurgy. 


physical metallurgy, 


strength, stress-rupture, 
and reep 

The Chemical Metallurgy group deals with the 
composition of metals, ceramics and cermets. Typi- 
cal problems are purity, beneficiation additions, cor- 
rosion, electroplating, diffu reacto1 
spent fuel reprocessi 

} 


ies, and radiochemistry investigations 


The Concord laboratory has been specially de- 
signed and equipped to deal with the problems of 
this 


1uclear age. Research and development of the 
so-called metals are playing an increasingly 


Nuclear Metals’ 


attitude being taken 


ec 
important role in today’s world 
new facilities indicate the 
throughout the country to develop means of im- 


proving knowledge in this field 
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Con ora, .iass » : 
lesigned Dulliding Is equipped arry out 
and development programs 1) 
iture materials ‘oe 
N iclear Metals was formed in 1942 as the Me al- x 
lurs 1 Project of the Massachusetts Institute of : a 
The Fundamental Metallurgy group studies such ee 
diverse phenomena as radiation damage, twinning a 
carried out extensive work for i! mechanisms in zirconium, tandem and coextrusion ee 
fens¢ i private industry fundamentals of materials, fracture modes in beryl- “ict 
ee lium single crystals, and refractory metal phase ie 
q 
The Physical Metallurgy group is concerned with es 
the physical and mechanical properties of metals Be 
and alloys. It studies the properties of materials as fe 
well aS Wavs Of altering these properties Typical a 
Pro} 
functions are phase diagram determinations, heat yi 
treatment and annealing studies, diffusion investi- 
gations, the study of microstructure and macrostruc- $ ; 
ture. and the determination of mechanical properties ae 7 
= 
re 
or 


direct reduction? The answers appear to 


stems from the increasing availability of 


ror treating fines; t 


} 
with the classical blast furnace 


Based on an article by 
P. E. Cavanagh 


N the past few years there has been a revival of 
| interest in the production of sponge iron for steel 
melting stock. There are at present a number of 
direct reduction processes under intensive investi- 
commercially operating proven 
processes for which production data are available 


gation and four 


rhese processes offer a wide choice of method, and 


each is particularly suited to a definite set of condi- 


Commercial processes 


These complementary methods are each producing 
in the neighborhood of 100,000 tons of metallic iron 
per year. We shall herewith review each of them 


1. Tunnel Kiln or Hogonas process 


Small lumps of rich iron ore, sinter, pellets, or 


fine ore are charged into a sealed sagger along with 


a mixture of coke and limestone. The saggers, loaded 
on cars, are passed through a tunnel kiln and heated 
to about 2100°F, held for 12 to 36 hr. cooled. and 
This is the simplest and crudest of the 
direct reduction processes. Its great advantage lies 
in the reliability with which it will produce sponge 
iron from any iron ore. This is partly due to the fact 
that the ore is not moved during reduction. The 
Saggers, 


emptied 


main disadvantage is in the cost of the 


which may be metallic or ceramic. Metallic saggers 
can be used only at low temperatures of about 1900 
to 2000°F which requires an easily-reduced rich ore 
and results in a low-temperature sponge iron, which 
may be pyrophoric in some cases 


P. E. CAVANAGH is vice president, Premium Iron Ores Ltd., 
Montreal; formerly director of metallurgy, Ontario Research Foun- 
dation, Toronto, Ontorio, Canada 
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DIRECT IRON ORE REDUCTION 


be largely economic: 
h cost of new capital equipment 
lower grade ores and the necessity 
us means higher capital and operating costs associated 


Why are we reversing previous conclusions as to the impracticability of 


rising 
Another factor 


Ceramic saggers may be used up to about 2250 
to 2300°F, but they must be specially made for this 
service to survive iron oxide attack, the action of 
the reducing and furnace gases, and thermal shock. 

In the most modern plan of this type at Oxe- 
losund, Sweden, with two furnaces each producing 
50 tons per day of sponge iron, loading and unload- 
ing are fully mechanized so that the ceramic sag- 
sers do not have to be moved from the kiln cars 
This is a major advance in this process and results 
in a very simple method for producing melting stock 


sponge iron 


2. Wiberg-Soderfors furnace 

In this process rich lump ore, pellets, or sinter are 
fed into the top of the furnace pre-heated to reduc- 
tion temperature by combustion of a portion of the 
spent reducing gas, reduced to FeO by the same por- 
ion, and then reduced 


tion of the gas before combust 


to metallic iron by the hot, rising, rich reducing gas 
Recycling of about three-quarters of the reducing 
gas withdrawn from a point part way up the shaft, 
tives a technically excellent way of achieving what 
is probably the lowest fuel consumption which can 
be attained in practice in a direct reduction process. 
Reducing gas enters the furnace at about 2000°F 
and is preferably composed of carbon monoxide and 
hydrogen in a ratio of 3 to 1. This is a continuous 
counter current process probably limited in unit 
size to about 100 tons per day of metallic iron. 
Ontario Research Foundation regards this process 
as the best technical development to date in this 
field and regards the energy consumption of about 
7.5 million Btu per ton of iron as the yardstick 
against which to measure the fuel economy of other 


suggested processes. 


q 
s 


3. Mexican Process at Hojalata y Lamina 

In this process, rich lump iron ore, sinter, or pel- 
lets are charged into a reaction vessel about the size 
and shape of a steel ladle. Hot gases are blown 
through the ore bed to heat it to reaction temper- 
ature of about 2000°F. Reformed natural gas is then 
blown through the bed of hot ore to reduce it to 
metallic iron. The ore does not move during reduc- 
tion. When the desired degree of reduction is 
achieved, the whole vessel is picked up and trans- 
ported to the electric steel furnace where the sponge 
iron, while still hot, is dumped in through the roof 
This is a very simple process and can almost be re- 
garded as an enlarged Tunnel Kiln Sagger where the 
reducing s supplied from an outside source 
rather than being generated inside the sagger. This 


; 
Ras i 


is a batch process with a treatment time to coincide 
with the requirements of the electric steel-making 
furnace. Charging of hot sponge iron directly to the 
steel furnace is a major advantage 

Ontario Research Foundation regards this method 
as excellent for supplying hot melting-stock di- 
rectly to steel furnaces within the same plant 
4. Rotary Kiln Methods 

Small lump ore, sinter, pellets, or fine ore can be 
charged into a rotary kiln along with coal or coke 
and some limestone for desulfurization i 
The kiln is usually heated by a flame at the dis- 
have 


¢ 


charge end, as is the case with the kiln ! 
been in operation for many years at the National 
Radiator Co 
iron for iron powder production, and at The Ana- 


in Johnstown, Pa., for making sponge 


conda Co. for making sponge iron for copper ce- 
mentation. Kalling, in Sweden, has also done exten- 
sive investigation into this type of process 

One useful modification is a concurrent kiln fired 
at the feed end. The advantages of concurrent oper- 
ation of a rotary kiln are due to the facts that the 
ore is heated rapidly in an oxidizing zone, which 
eliminates sulfur and minimizes sticking, and that 
the reduced metal is discharged under reducing gas 
with easy temperature control 

The R-N process—described in the July 1958 issue 
of JOURNAL OF METALS—is now in the initial stages 
of commercial production; it represents a low-tem- 
perature type of operation where the sponge and 
gangue are discharged in the solid state without 
melting. The operation will obviously be more at- 
tractive on rich ores. However, in the case of me- 
dium grade ores, the reduced sponge iron can be 
magnetically separated after reduction to bring 
down the silica content of the resulting metallic 
melting stock before compacting. The same concen- 
trating and compacting treatment can be applied to 
any sponge iron produced by any of the above 
methods 

Low-grade ores can also be treated with the ro- 
tary kiln, but output will naturally be cut down 
One of the main troubles with rotary kiln processes 
is the difficulty of preventing sticking and balling of 
the charge in the kiln when any considerable pro- 
portion of unsuitable gangue is present. The sticking 
and balling tendencies of partially- or fully-reduced 
iron ore, added to the sticking tendencies of gangue 
minerals, make it necessary to run pilot operations 
on an ore before it can be stated definitely that oper- 
ating difficulties will be within reason 

The Krupp-Renn process represents a special de- 
velopment of this type of equipment. If a very low- 
grade, highly silicious ore must be used, it is possi- 


ble to consider the use of the Krupp-Renn process 
where reduction is carried out at sufficiently high 
temperatures so that the metal is fluid and the slag 
is semi-fluid. When operated on a low-grade ore, the 
output is naturally low per dollar invested, and the 
product is generally high in sulfur and more suited 
to a blast furnace feed than to melting-stock. 


Capacity of equipment 

As a second principle, Ontario Research Founda- 
tion believes that the end use of the product should 
have some bearing on the nature of the process and 
the unit capacity of the equipment. When some or 
all of the product is to be shipped to other users, a 
continuous process has advantages. Even here, the 

iterion of unit capacity is income per dollar in- 


ested and not unit size. We see no objection to the 
unit size of the Wiberg-Soderfors process, for ex- 

for the same reasons that there are very few 
objections to the capacity and size of a unit coke 


oven. 


Capital investment 
In North America, the cost for a plant to produce 
large tonnages of metallic iron by any of these proc- 
esses, or by any of the processes under development 
in North America, is in our opinion about $65 per 
ton year of capacity, which is about the same as the 
t for a 1,000 ton-per-day blast furnace 
without the complete coke oven plant. This plant 
investment is the cost of a new plant with all han- 
dling and service facilities on a new site 
Possible exce ptions In some locations are the cap- 
ital cost of an unmechanized tunnel kiln installation 
using rich, fine concentrate, the cost of the Mexican 
process on rich pellets or lump ore, and the cost of 
installation to operate on rich concentra- 
tions. In these cases we estimate plant cost at about 
$45 per ton year 
Under present conditions in North America, a 
1,000 ton-per-day blast furnace is nearly the small- 
est that can be operated competitively, at present 
steel prices and construction costs. The attractive- 
ness of direct reduction processes from the invest- 
therefore, lies mainly in the 


ment point of view, 
profitably on a 


opportunity for producing iron 
smaller scale and for a smaller total investment 
than that necessary for a blast furnace. 


Performance 

The tunnel kiln and Wiberg-Soderfors processes 
are adequately described in the literature. At the 
1958 AIME Annual Meeting, the first descriptions of 
performance of the R-N plant of Republic Steel and 
National Lead in Alabama demonstrated the use- 
fulness of this process on certain types of low-grade 
ores and on high-grade concentrates 

When operating on fine high-grade concentrate 
containing 69.5 pct Fe from Republic mines at Port 
Henry, N. Y., it was reported that energy consump- 
tion per net ton of metallic briquets produced was 
about 0.535 tons of reducing coke and about 9000 cu 
ft of natural gas kiln fuel with auxiliary electric 
power at 316 kw-hr. Total energy requirement was 
stated to be about 17,000,000 Btu per ton of iron 
produced 

It is interesting to note that phosphorus and sul- 
fur removal in the R-N process have been shown to 
be very effective—in the neighborhood of 90 pct. In 


the kiln or sagger processes, where removal of these 
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Processes under development 
Ontario Research Foundation believes gas 


igh in carbon monoxide are preferable t 


anaiyses ricn in Less heat 


plied to the auction reaction, and 
rodu 1a; igher carbon 


more tisf me 
tween method f gas gen ti depends er 


upon the local economics, avai e fuels, 
: ractical difficulties which may be encountered wi 
i , Mrogucing air at many mn heating and sticking of the charge in the reducti 
irnace, particularly when th hydrogen gas 
used 
Hot, reduced iro » is very sticky. This causes 
the! deal of ty, due 
f the charge in several 
pi 
moved with 
sponge 1 process, 
Dowell-Battelle pro in whi 
i ] partially reduced on 
processes under devel 
a do require 
he 
at relative 
sonal opi 
reduce 
‘r particles, 
: xcellen nd pro sin IMcuitl rol > ill be encountered 
been gre reduc form fluidized bed on a large 
175.000 to r t! reasons, the Ontario Research 
spent much time in investigat 
of fluidized bed reduction 
.000 cu 
regenerating reducir 


Flow diagram of AR 

Hojalata y Lamina : f FF 

plant at Monterrey, ; REACTOR 
Mexico. 
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ele ents cal nly be means of the gas phase, there 
’ ! f nt removal of phosphorus and about nals 
ana - 
t pct er Val I ilfu with the same types of ores ‘ 
inder the sqme conditions. There seems Hitle doubt hes to be su 
as = 
that the mi tant advantage of the R-N method in 2 aaa 
tl espect jue t d contact in the moving bed , L 
making it 
j ested. It al nteresting to note that going 
ce be- 
to a fluid metal at nigner temperature in the ly 
©i 
4.5; 3.6; H2-57.8 
4 > « 
7 REFORMER WASTE PRIMARY PRIMARY PRIMARY 
R ER T FURNACE 
EXCES STEAM = 29 
67 BTU PERSTD ET 
| 
SECONDARY SECONDARY 
GA‘ RUBBER 
FURNACE TOWER 


At the Hojalata y Lamina plant, Durango hematite ore is re- 
duced in fixed-bed batch-type reactors by a reformed natural 
gas containing approximately 85 pct H. and CO. Shown above 
is the 200 tpd plant, while the reactors are shown in the 
illustration below. Photographs courtesy M. W. Kellogg Co. 


FREHEATING 7. REDUCING 
GAS —Gas 2000°F 
] L 
- a 
a REMOVABLE 3 


EXHAUST GAS 
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a most valuable contribution to this 


field of knowl- 


edge. Of particular interest is the experience being 
ned with the fluidized bed process installed by 
Kellogg in Rhodesia to make 80 tons per day of re- 
duced on ft cementatior 
In the H-iron process, it has been possible to op- 
erate at such a low temperature of 900°F that stick- 
ng difficulties in the fluid avoided. In 


1idized bed are 
le 


action 


without the use of high pre ire, if a reduction tem 
perature between 1500 ind 2000°F is used, and 


a large scale until such tests have been run 


Sponge iron as melting stock 


Very few people today know whether or not they 


actually wo 


\ ild like to use sponge iron as melting 
stock and what price they could afford to pay for it 
in their own shop. We believe the product should 
have as high a density as possible with less than 3 
pet Si and a bon content between 0.5 pct and 1 


completely eliminated. vement teel qual- 
ty e difficult t evaluate nd i but the amount 
o! st time nd mate al due t lling, forgu nd 
annealing difficulties can be ved at in most 
plants TI aving would ther epresent the pre- 


The fact t it sponge on melting-stoc} 
valuable than s« ar cle i ly ed 
vhere most experience has been gained in the use of 
sponge on melting-stock 

Sponge iron cannot be charged and refined in ex- 
ictly the same way as scrap, and attempts to do so 


generally lead to very discouraging results 


Ontario Research Foundation 
developments 


It is an advantage to reduce iron ore particles in 
With the present an 
large tonnages of fine m 
would be and econom- 
desirable to reduce these concentrates in the 
fine state rather than 


yn. This is, of course, the reason for t 


a small a SIZé aS poss ble 
future production of 
concentrate it technically 
ically 
agglomerating them before 


reducti » major 


interest in development of fluidized bed techniques 
for direct reduction 

At some locations 
portant 


fuel economy) less im- 
output per dollar invested in 
equipment. In cases a high production 
fast (which gained 
only at the expense of fuel economy), may be worth- 


than iron 
such 


reaction times 


rate, 


due to can be 
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MAGNETITE (+LIME ) 
Fex04 


EXCESS = 
NAT. GAS 


= Fe 7 
2B00°F 


The Jet Smelting process in its initial stages of development at 
Ontario Research Foundation utilizes high temperatures for rapid 
direct-reduction of iron ore by natural gas 


while. Extremely high reaction rates can be obtained 


by ng hot unreduced iron ore with rich h 


contac 


Two methods of a 


O. R. F. direct steel process 
This process has been under development for six 


vears. A bed of fine magnetite ntrat 


superconce rate 1s 
laid down on a traveling grate and heated to about 
1800°F by waste gas from the reduction furnace 
The hot magnetite burns to hematite, raising the 
temperature very rapidly to about 2200°F. The re- 
sulting bed has high permeability and is lightly 


fused together so that high rates of gas supply can 
be achieved without excessive dusting or blowing 
of the ore. Reducing gas at about 2000°F and 3:1 
CO:H. ratio is forced to pass through the grate and 
the ore bed. Reduction to FeO is very rapid, and re- 
duction is complete in well under 1 hr. The bed of 


reduced iron is in the form of a hot sinte 


red metallic 


cake, which can be stripped from the traveling grate 
2000 °F: this is a 
factory temperature to allow hot rolling in one sin- 
usable sheet about 1/10 the 
thickness of the original low-density slab 

In the development of this process, one basic idea 
has been that, provided a sufficiently clean concen- 
trate could be completely reduced to metallic iron, 
there was no point in cooling it and selling it for 
melting stock if it could be processed to a finished 
product selling for twice the price 

Since little of the reducing power of the gas Is 
used on passage through the ore bed, the exhaust 
gas from the furnace is still a rich fuel gas. The 
between recirculating some of this gas or 
matter of 


at a temperature of about satis- 


gle pass to a steel 


choice 


using it as fuel in other operations is a 
local economics 


/ 
\ 
4 
f 
— 
= 
i NATURAL GAS 
order to maintain a re rate, 1t 1s — + =o 
B necessary to operate at high pressure in the H-iron EXHAUST —_, paenty = 
nr se of that a hatch duction time of about 4 } GASES Z’3/ | 
proce , SO tnat a Datcn reauction time la ul j \ 
i 
is hieved. The mo } tian time n be obtained y 
5 
means are empioyvea to minimize sticKing and ag- — 4 4 
glon tion in the fluidized bed — 
eration in the Nuldaizea eda | 
Plans are under discussion to try some of these | eS ft , } — 
processes on a large scale. It is not yet possible to : 
determine whether or not the inherent inhomogene- 
ity of a partially reduced fluidized bed of iron ore } 
particles will cause s¢ is operating difficulties on = 
[ 
IRON 
; pet for easy melting. The estimated cost of sponge Po 
a iron from the four operating commercial processes 
ranges between $45 and $55 per ton of metallic iron Dn] 
use as a scrap substitute to times when scrap prices 
1 
are relatively high 
plying these principles are be- 
‘ It is possible to arrive at a rough estimate of the 3 4 — fe 
ing studied at Ontario Research Foundation 
: savings in steel plant operations which could be 
achieved if difficulti Inne } h re Is were 
mium which could be reasonably paid for sponge 


2% WORT 


The Ontario Research Foundation direct steel process utilizes a bed of magnetite super-concentrate which is burned to hema 
tite, reduced by gas, and rolled into steel sheet This process is still in the development stage under the sponsorship of Republic 


Steel 


create a 
‘matite is then 


This process 


the spons 
gas which 


de and hydrogen in 
resulting flame with 
lly downward into a 
at sufficient velocity, 


i’ 
ic 


reason 

last stages of reduction in 
is maintained at a high 

reduction to metal takes 
the molten bath. Pro- 


in. diam 
‘arbon content hi: 
carbon dioxide 
Some alloying elemen 
reduced from the 


thers, h as manganese and chi jum ivanta that furnace temperatt I ( 


cover ovel 
as nickel -carbon metal has th additional 
hil f about 
erro-alloys n-hearth or electric steel- 
s type of operation avoids 
7 impingement of iron yn the refractories, rea- 
Jet smelting nable refractory life is expected 

The improvement if fine , I rocess is to obtain the great- 
oxide from about 4 hr in ral processes 
in the Direct Steel 
juction heat from the furn: re, at least, sufficient to pro- 


ym a given furnace and to 
the waste gas and waste 
ss ie consideratior even faste1 
) make oxygen to supply 


times. At high temperatures, reduction 
ing enough fuel in 


indeed. The fact that a molten product 
yeratures is an advantage, since the 


highest density melting-stock 


required energy and, if 

available to 

low-carbon meltin k outside the furnace 
ed 


This process is in the initial stages of development 


at high tem 
» objective 

The Cyclosteel process under investigation in Eng- 
land is wing this line of development, with the 
object of producing a molten metal from fine iron 
ore and coal 

In the Ontario Research Foundation approach 
this new type of direct reduction process, we have a 


Conclusions 


to Highei al . use of fines, and 
availability of lowe! ade iron ores, as well as in- 
definite objective in trying to provide a method creases in ra yrices have caused a second look 
nly natural gas and fine iron ore concen- into the possibilities of direct reduction of iron ores 

trate to make a molten melting-stock at mine sites Further impetus has been derived from the desire 
in northern Ontario. This appears to be quite possi- to produce steel in regions lacking supplies of tradi- 
llurgical fuels 


ble if fine magnetite concentrate is entrained in a 

high-temperature flame of oxygen and natural gas The direct reduction tools have, thus, been devel- 
The temperature of the ore particles is raised oped. Today they are being used in certain areas, 
and future developments are likely to be in the di- 


quickly to about 3500°F by combustion of the mag- 
rection of increased usage of these new techniques 


netite. At the same time the individual particles de- 
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% 
it 
J 
ce 
HE «is still in the development stage, un- crepitate, due to the rapid heating aa 
der 
some of the principles that have been outlined above cracks to form carbon mor Bk 
The process is limited strictly to the use of ores contact with the hematite. If t! hte 
which can be concentrated to a purity of 0.9 pct extrained dust is fired vertic Bo 
} 7 } } ] + ] 
gangue or less and to the production of sheets 3 ft bath of molten metal and sla a 
or less in width. bv 0.25 in. or less in thickness, and just losses are kept within ai 
I in width, by 0.2 
of rod and wire of les In order to carry out the A 
Excellent control been reasonabdie time, (tUfie Dat! He 
at 
the } 
possit 
if de 
| 
a 


PINHOLE POROSITY 
IN HIGH-ALLOY STEEL CASTINGS 


in volume. Much of the 
mold. However, some of 
h the iter 
with the 

netal oxide on skin and 


itomic hydrogen penetrates the skin of frozen 
and concentrates in the still-molten metal 
ly When the con- 
if hydrogen in the molten metal im- 
behind the frozen layer becomes high 

vdrogen will react with oxygen (ox- 


n the melt 


he solid skin 


rm water vapor! 
insoluble in molten steel, the water 
vapor takes the form of minute bubbles which usu- 


cause t 


R. J. MANGONE, A. M. HALL, and C. E. SIMS are with the 
Battelle Memorial Institute, Columbus, Ohio. W. T. BRYAN is 
with the Duriron Co. Inc., Dayton, Ohio. This paper is being pre- 
sented at the AIME 1958 Electric Furnace Conference 
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surtace 


een 


paper 


and C. E. Sims 


utes nei! ide wall while the interface between 
the bubble and the still-molten metal advances into 
melt. In this way 


st ape observed 


the bubbles deve lox 


noted 


} 


given hel 


rface of the cas 
that freezes when 

he mold. Thus, it is not visible 

th 


f the molds. Subsequent 
ig and cleaning operations may break the 
metal between the pore and the surface, thus 
the porosity visible. It is then observed as 
a small round hole at the surface of the casting. The 
appearance of such holes has given rise to the term, 
pinhole porosity 
Occasionally, porosity in the form of small holes 
is visible in castings as shaken out. In these cases, it 
is possible that the frozen metal skin was ruptured 
at a point of imperfection by the pressure of the 
steam in the mold. The steam may have entered the 
metal in considerable quantities through these rup- 
tures and been responsible for the porosity 


Water vapor, hydrogen, and oxygen 


This description of the mechanism of pinhole for- 
mation in steel castings poured in green sand molds 
suggests that water vapor, hydrogen, and oxygen 
play critical roles. Formation of water vapor bubbles 
in the molten metal by the reaction of hydrogen 


‘ 
ru é porosity ? castings made nm green sanc molds Ss one of the 
hazards u h has cor nted industry for many years. Much has bom 
en abi tl problem in carbon and low-alloy steels. but this —=«»—»-:,<, 
: Oo? ters the same occurrence in high-alloy steels 
by R. J. Mangone, A. M. Hall, W. T. Bryon. 
ma } dien n the high-alloy steel casting ally appear in the hvdrogen-rich region at the solid- 
; naust ror man yea Nas been the ccur- liquid interface The concentrat n of hvdrogen 
rence of pinhole porosity in green sand mold castings these bubble initially is zero, while the concen- 
A measure of relief has been brought about by the tration of hydrogen in the surrounding molten metal 
i ise of small additions of selenium to the melt.’ Whils a finite number and has an escaping pressure con- 
‘ the mechar r whereby selenium reduces or elimi- lerably above 1 atm. Therefore, it move towara 
of pt not Known, there Is a iple evidence equ by diffusing into he steam bubbles 
to ade ! ite that inder the proper conditions, where it precipitates as molecular hvdrogen The 
he idaition 1 effective wate! vapor Dubbdies act as nuciel [or the ipi- 
On the other hand, the large number of factors in tation of dissolved hydrogen from the molten metal, 
hignh-a und! practice that may nfluence the as weil a for the additional hvdrogen diffusing 
’ fort ! f pinhole porosity has, in many cases through the solidified skin of metal 
tended t bscure their relationship to the phhenome- As the hydrogen continues to precipitate into the 
no! The cause-and-effect relationshiy betwee! bubbles, the bubbles continuously get bigger. Be- 
. mal I these tactor ind the ncidence of pinholes cause the metal is freezing during the process of! 
ha not been thoroughly understood. For these rea- bubble nucleation and growth, the bubbles elongate 
or t appeared appropriate to investigate pinhole in the direction of eezil F en etal consti- 
Earlier research acteristic SE in castings containing pin- 
hole porositv 
It ol nterest to cor le! i mechar the nole 
‘ It should be that, in the description of pin- 
rma pinhole poro y based on some earlier 
. hole porosity the porosity does not start 
esearch Act rding to a theory proposed DV sim 
‘ at the su gins be- 
: when n ter eel is poured into a green sand mold Gent 
‘ +} f Der t te hind the IS 
a tnir cll metal quickly freeze adjacer Oo the ‘ 
3 pour n cast- 
mold wall. At the same time, the nearby moisture in . 
the mold j converted to steam bv the heat fron the 
" metal, with a large incre 
team diffuses back int 
t come int ntimate 
of the skin of frozen me 
metal to form a film of 1 
— atomic hyd er 
The 
metal 
centri 
rT ediat 
enou 


ite porosity 


Hydrogen: Two general 


toward the 


} 
) ) 


Nitrogen 


} 


le 


Selenium additions 


It has been demons 


the availal 
: essentially of iron lenium igh reduce 
When silicon is added to the sys- th ne] } thus mt it fr 1 nucleating 
is substantially reduced. When rosity: or, it might ld hydrogen in the metal, 


titanium, or zirconium is added 


oxygen may become extremely 
low t] 1ent and practice demonstrate that 
proper and thorough deoxidation of the melt 

of controlling the incidence of gas Several observations suggest that the first 


an effective means 
porosity in carbon and low-alloy steels sibilitv is n correct ‘st. thermodynamic 


lations indicate that the direct combination of sele- 


By the same token, it would seem logical to specu- 
t 


late that pinhole porosity in stainless steels could nium and hydrogen to form hydrogen selenide a 
be brought under control by the use of stréng de- steel-melting temperatures is unlikely. Second, ex- 
oxidizers. This proposition was tested. Aluminum pulsion of hydrogen from the melt in this manner 
additions of up to 0.6 pct were made to 200-lb ex- would entail the loss of selenium. However, sele- 
perimental melts of the 21 Cr-9 Ni casting alloy, nium recovery in the metal is usually 100 pct w hen 
Grade CF-8. No beneficial effects were observed added in the small amounts used for porosity con- 
relative to the incidence of pinhole porosity. It was trol. In addition, if hydrogen is removed by the 
evident that this strong deoxidizer behaved differ- addition of selenium, a boil should occur following 
ently when added to the stainless steel than when the addition. Such a boil has not been observed 


added to steels of relatively low-alloy content Furthermore, there is experimental evidence that 
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y 
with oxides in the melt seems necessary n most Investigation of the AISI 310-tvpe stainless stee Bib ate 
cases. If minute bubbles of water vapor did not forn bv Perkins and Binder, appear to cast light on thi ae 
to nucleate hvdrogen precipitation, the development lifference in performance Their data suggest tnat, ah 
of pinhole porosity would be unlikel) Howevel ne while addition f aluminum anda otne! rong Ge 
formation of the necessary water vapor in the melt xidizers lower the oxygen content of stainiess steeis pus: + 
depends on the concentration ol hydrogen anda the cor erably. sucn aaaitions ao not reauce ne OxyV- 
wailabilitv of oxvgen in the molten metal. If insuffi- gen level t he low values attained in the ess ee 
cient hvdroger s present. or if the oxvger n tne I hiv alloved steel Therefore, it might be postu- e. 
meit inava ble combined as an oxide not lated that even strong daeoxidation qaoes ne make 
eadily reduced by hydrogen) these elements w1ll Oxy gel! ifficiently inavallabie in stainiess steeis 
not react to form the water vapor necessary to Ini- prevent ¢ oinatl with nyarogen rm | 4 Ee 
vapor bubbles. Furthermore, when sufficient deox!- 
ter m to ntrit t 11Z€! to Cause ippreciable lowering of tne 
Tactors seen COMLPIDULE Aad ‘ 4 
QE: hydrogen content of the melt immedi- <ygen content, it tends to form nitrides. Thus, i es: 
ately behind the skin of frozen metal. One 1 ne i indesirable inclusions and qaepiete ne teel re 
concentration of hydrogen in the metal being pourea ‘ gen needed to stabilize the au nl nis 1 a 
nto the mold. This is the hydrogen introduced In the especially pronounced with titanium and zirconium me 
melt the campaign, and subsequent Thus, it seems advisable to consia¢ 
teemir na ypourir This concentrates or the to thammmmlem of pinhole porosity In stainiess steei 7 
eming ind uring nl n nira n 
freezing face by dendritic segregation. The ne al 
fact ic the contribution made by hydrogen diffus- a part in the development of pinhole porosity. How Py 
ac n ntribution mad n rogen alfl 
' into the melt thr h the freezir skir prod- ever, the tolerance of stainiess eel for nitrogen 1s ene 
ct of the reaction between the metal and the stean comparativelv high. and it is doubtful that this eie- ae 
from the mold ment plavs a major part in pinhole formation 1n suc! iY par 
These two factors are probably aadaltive Thus 
if the initial hvdrogen concentration in the meta pe Keiy that a ived nitrogen W precipite ee 
° } + nto u ter vat r bh bbles st as } vdroge! da ves. if it 
leah] In this way. nitrogen may contribute 
nnoli 1 +} ry reactlor at the n IS aVallaDle n nil Way nitrogen Tidy 
YY +>) nterfa » ta lid th nvare I ( to ga \ H wevel al veq nitrogen 
me intertace Oo bulla Uf ne nvaroge neen ey 
tration to the point where hydrogen wll react with mucn it ivailable than dissolved nitrogen ‘Tt Bent 
the oxide in the melt to form water vapor. Con- would appear that the presence of chromium if tiie seem 
versely the h her the rit huar er neentra- a inhuences he I ni ve! ( pre 
tion in the metal. the less hvdrogen is required fron cipitate into gas bubbles, and the higher the chi Bey 
ry ntont } her must be the concentration 
the tal re tio? herefor with ry t of nium a ne nigner mu | n nitration 
‘ 1; mats + ntril tes to 1s 
sufficiently low hydrogen content, a certain amount f dissolved nitrogen before it contribul gi Bete 
f mold moisture can be tolerated without the le. porosity. Austenite has a definitely nighner solubdiilts ay 
] for niti n 10es orrite When suc ele ents 
nt of ninho rocity 2y th came eT tor rogen nan GQoe nen ich Ty] 
: re Ided to the m ; he propel 
with dry enough molds, it is possible to tolerate a as Utaninum are aadea he meit in the prope Bee i 
considerable concentration of hydorgen in the meta! amounts, the nitrogen become ay “pies 
m the lad) In th mnid and ini- it forms stab!'e titanium nitride: 
In the iaalie in these wavs, mola nN ure anda 
the development of pinhole porosity Pe 
Oxygen in the melt is necessary to the formation REE trated that a small addition oi a: 
of water vapor bubbles required to nucleate poros- selenium to stainless steel melts can alleviate 01 ae, 
- 
itv. If this oxvgen is unavailable, the water vapo eliminate pinhole porosity in castings made In green pe oe 
bubbles cannot form and porosity will not develo} sand molds. The mechanism by which selenium qaoes te 
Some oxvgen is inevitably present in melted stain- thic is not known. but it is possible to speculate from aes 
on 
less steel. and exclusion of it from the melt 1s 1m- either a chemical or a physical viewpoint Three oe 
practical However, it would appeal that its avaul- pr ssible chemical mecnanisms are conceived: sele- ee 
ability for the formation of water vapor could be m might eliminate hydrogen from the metal, Pains ©. 
altered. Speaking gas 
: 
of oxygen in an in 
is relatively high po- Ee 
th labil no 
tem, the avaliaDlil pos- 
sufficier mit aking 
alt 
melt 
oros- 
pos- 
cu- 


phenomenon in the laboratory under controlled con- 


s added to the 
ditions. Since hydrogen and water vapor appeared to 
requires be important variables, the experiments were de- 
and evidence signed to determine their effect over a wide con- 

ration 


viewpoint range 
d possibility The procedure used was to melt virgin stock in a 
‘sia-lined induction furnace to 
tion 


the CF-8 alloy composit 


bub- ‘Ol 
aici ana 


Ossible, for 
urface ten- 
preliming 


2900 F as 


contour. However, 
t lecrease in 


rate 


howed th 


ti 


trectiveness 


Hydrogen and temperature 
Preliminary 1 ts sugge 
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1} 
to 240-It heats ( 
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Fig. 2—Radiograph showing a medium degree of porosity Fig. 3—Severe porosity 
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4 hydroget not lost when selenium i 
melt 
} The second possibility is also unlik 
‘ that selenium be a powerful deoxidize 
+} TI if +h 
{ ne contrary nus lil tne cnen 
to prevail, it must depend on the th 
: me ir mecnanism 
The physical hypothesis postulates tl 
4 ence of selenium in the molten metal pré¢ by 
bles from forming in some way. It is } etal 
example tnat selieniun nfluences the core 
on characteristics of the liquid met: Varying 
manner as to disc irage steam-bubble f ld mois- 
s extremely difficult for gas bubbles irvy work 
en steel. They must usually nucleate on a solid were poured at a temperature of HE measured 
irface of very irregular contour. The melt side of by an optical pyromete: 
3 the skin of metal that freezes against the mold wall A gland casting (Fig. 1) was used to observe te 
when the casting is first poured would be surface extent of porosity under the various conditions. 7} 

‘ with the required irregularity of particular shape was reported from practice to be 
t conceivable that even a m« very susceptible to the formation of pinhole porosity 
the irface tension of the steel would considerably in the four thin ear sections. Radiographs were made 
educe the probability of bubble formatior to show the extent of pinhole porosity (Fig. 2 and 3) 

Although observations made in the course of the The results sHEat pinhole porosity could be 

experimental work do not definitely prove or dis- produced readily in the laboratory, and indicated 
prove any ! these suggeste j mec} anisms they the importance of the hvdi gen content ot the melt 
trongly discourage a chemical explanation of the and the moisture in the mold. The severity of the 

efmect of seleniun porosity increased with the moisture content of the 
core sand and green sand molds. No porosity was 
Laboratory experiments found in the calcined clay molds (zero moisture con- 
. \ : tent) even though the hydrogen content of the metal 
f a prerequisite to the Investigation, it Was neces- 
ranged up to 18 ppm. However, in castings made in 
ar’ KI yhethne pint I itv obDse rved in 
: : green sand molds, the degree of porosity was more 
the f inarv < lla be lla V qucea ana con- 
rem evere as the hydrogen content of the meit was in- 
creased 
elimir experiments w performed to observe 
The climes of ferroselenium additions in 
the effect of seve fact yn the formation of pin- 
7 : controlling porosity was also confirmed in the iab- 
po t ine opjective w t eproduce tne 
oratory. it was interesting to note that the hydrogen 
; contents of the melts were not altered bv the sele- 
nium additions 
sted the advisability of 
+; estaDlishing quantitatively the interrelate i effects of 
melt-hydrogen content and pouring temperature 
information would be useful evaluating the 
. effects of other variables 
i The ¢ to induction-melt a series 
=“ = : of 200- f CF-8 alloy. After melt- 
ed ‘ ‘ } 
. x jown, the hvdrogen levels were adjusted by bub- 
bling tank hydrogen into the melts at approximately 
: :100°F for various periods of time. To determine the 
_ . effect of pouring temperature on the incidence of 
porosity, the melt was allowed zm and meta! 
was poured directly from the furnace into the molds 
’ Fig. |—Gland casting used to observe the extent of porosity 
Sa 
‘ a te 
be 
= L 


as the desired temperatures were reached. Pouring 
temperatures were measured in the furnace with 
immersion thermocouples 


les for hydrogen analysis were taken at var- 


ious intervals during the pouring of a series of cast- 
s. In some cases, metal remaining in the furnace, 


gs was made, was reheated 


after one series of castin 
for subsequent tests. Additions ol selenium (when 
used) were made just prior to the beginning of! the 


+3 


poured into molds con- 


cool-down. Castings were 
taining 3 and 4.5 pct water. The molds were sque¢ zed 


that would give them a permeability 


al 


to a hardnes 


in the 120 to 130 range (determined from a curve of 
hardness versus permeability) he castings were 


radiographed to determine the extent of porosity 
The results obtained are plotted in Fig. 4 in such 
a way as to show whether the castings were porous 


t 
1. In each case was possible to draw a line 


or sound 

separating the areas representing the conditions 
under which sound or porous castings would be ex- 
pected This chart shows that porosity could be de- 


veloped by increasing either the 


itent. The slopes ana 


ture or the melt hydrogen cont 1 
shapes of the lines separating the conditions unde! 
vhich sound castings result from those under which 


ture or selenium additions is 1n- 


dicated by the dls} lacement of the lines from those 


creasing the mold moisture fro! 


content, 


melt hvdrogen content, and pouring temperature Is 


sur- 


close 


production of sound castings 
The beneficial eff ot len n at both the 3 and 
4.5 pct mold-mo shown in the 
plot In each case was to shift 
the position of the right so that 


mere melt hydrogen can be tolerated and highe! 


pouring temperatures may be used. The amount of 


shift produced by an addition of 0.02 pct selenium 
was much greater at the 4.5 pct mold-moisture level 
than at the 3 pct level. This is illustrated by the 


at 2850 


The effect of changing the mold moisture from 3 
to 4.5 pet was not apparent when a 0.02 pct selenium 
addition was used. That is to say, the curves unde! 
these conditions were nearly identical This indi- 
cates that the detrimental effect expected from the 


higher mold-moisture content was not observed. Evi- 
the beneficial effect of the selenium addition 


the detrimental effect 


dently, 
was sucn that it ove! shadowed 
of the increased mold moisture 
Mold permeability 


The results obtaine 


which were concerned 


hvdrogen versus pouring temperature curves indi- 
cated that mold permeability might be a variable to 
consider in the porosity studies Accordingly, ex- 
periments were perl rmed in which mold perme- 
ability was varied 

Castings were made in molds, the perme abilities 


of which were in the 80-90, 120-130, and 160-170 


was controlled by first deter- 


mining us pe 


sand mixture, and then squeezing tne nold to t 

hardness necessary to give the jesired per! eability 
as indicated by the hardness. Pouring temperatures 
were selected on the basis ol the previous work so 
that the dividing line b orous and nonporous 


- e.45% 4 


mye e ntent, por?s pe 
Fig. 4—Influence of pouring temperature and melt-hydrogen con 
tent on the occurrence of pinhole porosity in molds of 120 to 130 
permeability 


CF-8 Alley 


Description of Sample Heat I Heat? Heat 8 


* Hvdrogen content reported in ppn 
» Also carbon boil 


Table |. Hydrogen Content of Samples Taken From Arc-Melted Heats 


CF-8M Alley HF Alley HT Alley 
Co. 3 Co 4 Ce. 5 


Heat Heat? Heat Heat? Heat Heat l 
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( 
during the experiments ae 
th lottir } 
} f the elt 
porous castings result indicate the relative por- ra ee pest 
} T 
tance of temperature and hydrogen content The . ve 
used for compa! 
The effect of 
3 to 4.5 pct in the absence of selenium Was to narrow Be Yes 
the area which is termed sound castings. This means conditions would be traversed eke 
that the melt hydrogen content or the pouring tem- No clear-cut effect of permeability was observed ea 
> 
perature must be lowe! when higher mold moisture either when the mold moisture content was 3 pct 0! a 
contents are used. Castings produced in molds con- ae 
ge 
taining 4.5 pct moisture were more sensitive to smal 3200} aed 
variations in melt hydrogen content than those pro- } CaaS 
duced in molds containing 3 pct moisture This is 3/00} 
shown bv the difference in the slope of the 
rte lated effect fw la-emoictul 
il | l 1d ile 3000} 
\ 
especialls significant, DecaUust tne tWw curve 2900} \ 
round an area which encompasses a range of hydro- " \ ce 
\ 3% 4, 
gen content and pouring temperature that is ex- soo} 
pected in commercial practice. Thus, it 1s evident 
that control of these variables within the costings 
2400} 
a 
foo 
Meltdow? 5.5 5.2 5.7 8 9.9 5.6 94 7.4 3.2 ee 
Before oxygen blow 
Afte xygen blow 2 07 23 og 3.1" 5.0 24 at 7a ig 
After Cr additi« 2 1.6 
After refining before tay 2.9 2.8 5.5 3.5 62 3.4 fe 
Bull ladle 8.0 oe 
Bull reladle 7.2 9.6 ac 
First shank ladle 3.5 3.8 43 3.8 3.1 44 7.9 3.8 eee 
Last shank ladle 26 3.: os: 
Mold riser 7.6 5.6 6.0 7.0 eet 
4 
| 


when was 4.5 pct. It is surmised that considerably 
lowe pe eabilitie would have been required fol 
th \ ble to influence the incidence of pinhole 
porosit 
Field experience 
To evaluate the laboratory investigation of pin- 
r e tI ( t n tern of commercial f inary prac- 
tice and experience, field experiments were carried 
it t iin information on the range of meltdow1! 


at Battelle. The samples were taken from arc-melted 
heats of CF-8, CF-8M, HF, and HT alloys and from 


induction-melted HF, HH, HK, HU, HT, CF-8, and 


;s show th tl meltdown hydrogen contents 


- pe i ee eral owevel equel 
fining i ladling increased the hydrogen content 
Ve that prevailing after the blow 

These bservations strongly emphasize the neces- 
sit f voiding contac with moisture especially 
after the oxvgen blow. Chromium and other allo 
adalt I hould be horough irv, and slag-making 
materials should be completely free from moisture 
Ladle ire of equal importance; they are likely to 
contribute significant amounts of hydrogen unless 
preheated above 2000 F for several hours 

An interesting point was brought out | analys 
ot me j e! ample s taken before the metal froze 


metal be 
theory that the mold moisture contributes hydroger 
to the molten metal before solidification 


Some samples for hydrogen analysis were sub- 


Table Il. Hydrogen Content of Samples Taken from Induction Heats 


Ce. A Co. B Co. 


Alley 
Type 


Description 


Heat Heat Heat Heat Heat Heat Heat 
of Sample 4 I 4 5 


Heat 
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mitted by several companies for induction heats of 
various alloys. A tabulation which presents the re- 
sults of the hvdrogen determinations made on these 


samples is given in Table II 
l to be drawn from these 


conclusion to re- 


sults is that they probably indicate the levels of hy- 
drogen to be expected in normal induction practice 


The important variables 
Results of this 


the occurrence of pin 


conditions. The 


ings under normal 


the relationship Det 


sture levels, the curves 
ithin reasonable limits, perhaps some 
extrapolation could be made jevond such limits 


to be prepared from rest 


new curves would have 


aaaiuonal 


experiments 


This type oT } lot indicates what cor iis neces- 
sarv of both melt hydrogen content an old mols- 
ture to achieve sound castings it points the di- 
rection for overcoming the harmful effect of one 
variable by compensating with a change in the other 


variable. Thus. if weather conditions (i.e., hum! 
+) 


prevent tne 


of melt hyd 


control 


low range, it may be possible to minimize 


porosity by reducing the mold moisture, or by pour- 
ing at a lower temperature if practicable 


Another useful application of the 
evaluation of the effect of I 
curves show that the addition of 


changes in 
example, the 
pet selenium permits more 
higher 


ik iit 
sulting in 
the detrimental effect from high 
the molds, within the 
compensated by the selenium 
selenium the moisture content of the 


pouring temperatures 


porous castings are reached. Simi 


range 
addition. In the ab- 


sence of mold 


becomes more important 


References 


l 51, p. 40 
nd Hot Ductility 
Pros 


Stee 


eedings 


Electric 
1949 


Hydrogen 
299 


Melting Practice on 
AIME, vol. 7, pp. 267 to 


show that the im- 
hydrogen contents to be expected, and the influence portant foundry variables influencing pu hole poros- 
of foundry perations on melt hydrogen content itv in stainless-type castings are me lt hydrogen con- 
Several Alloy Casting Institute members provided tent, pouring temperature, and mold-moisture con- 
sample fror \ us heats for hvd en analvsis tent. Careful control of these major variables will 
| DR Ms curves that show 
CF-8M alloys hydrogen content of the melt at several selenium and 
| Samples trom the arc-meited heats were taken at mold-moisture contents can constitute a useful guide 
vaiious stages during the melting campaign. The re- for improving foundry practice These were ob- 
ee tained for the CF-8 alloy and may apply only in a 
; varied from 3.2 to 9.9 ppm (Table I).This is a con- very general way to other high-alloy grades 
iderable*spread and spans most of the range of The position of the lines of demarcation between 
melt hvdrogen contents within which the laboratory porous and sound casting conditions were estab- 
work was done. The laboratory results suggest that, lished as a result of numerous experiments made 
it the lower ¢ 1 of th pread. little difficultv would over a period of about i*2 years Thus, they can be 
; be expected. while at the upper end. troubles from considered to have some quantitative meaning, and 
ri pinhole porosity would be likely might be used to select conditions for sound castings 
Where applicable data from the commercial heats within the limits set by the experiments. For ex- 
were available, they demonstrated the ability of the ample, the interrelated effects of melt hydrogen and 
r <vgen blow to reduce melt hydrogen content. In pouring temperatures are shown for Castings made 
most case the extent of reduction was dramati in molds containing either 3 or 4.5 pct moisture. If 
i ne xvgen blow certainly eems to be an effective ine hvdroge n content is Known, the curves Wii in- 
; means for obtaining a low hvdrogen content during dicate the maximum pouring temperature that 
; at le t one pe! i in the making of a heat of stain- should result in sound castings when poured in 
the na ted ‘ f water content At 
thin 
the 
For 
0.02 
e melt and 
fons re- 
t of 
: HF Ta ile 2 
CF-8 Meltdow 2 
HK I é 24 R. J. Wilcox: Induction Melting of Stainless Steels, Electric Fur- 
HK k e be e Steel P eed s, AIME, vol. 8, pp. 115 to 118, 1950 
Reams trie 5 C. E. Sims and C. A. Zapffe: The Mechanism of Pin-Hole For- 
HU Meltd 9 mation, Trans. AFA, vol. 49, pp. 255 to 270, 1941 
‘ HT Meltdowr 6 33 C. A. Zapffe and C. E. Sims: Hydrogen and Nit: Causes 
of Gas ess in Fer is Castings, T s. AFS. v 244 
f ‘R. A. Perkins and W. O. Binder: Deoxidatior ty 
- of Type 310 Stainless Steel Electric Furnace 
1 € content reported ir mr 
arog AIME, vol. 14, pp. 123 to 140, 195¢ 
Furnace Steel Proceedings 


STEEL QUALITY CONTROL 
SING THE ARL QUANTOMETER 


years, the use of recording 

+ slertric 

rominent througnout t} 


pplements, and in some 
i ‘trochemical methods 


ts infancy, the 


is was quest 


In lave 


was based 


, aecrease in ope! 


sS to 
he all 
tainless, low-alloy, and carbon 
ied Research Laboratories 1 
ol Quantometer. This study pertains t 
works of Armco Steel 
last five years 
description the apparatus, excitatl 
used, and method of calculation 
information was repo! 
thor in a prev papel 
The Quantomete! 


since placing it on producti 


has been n¢ 


The preliminary samples 
less steel heat have had to be an 
because instrument trou 
5009 stainless steel heats from 
nace and 10,000 low-alloy anc 
from the open-hearth furnaces have been 
controlled during time without delay. Minor de- 
lays have been experienced in the analysis of five low- 
alloy heats, and two low-alloy heats have be 
analyzed by wet chemistry Calculated emers 
down time for the five years of operation 
than 26 hr 
The Quantometer has lessened the time pet heat 
of stainless steel such that approximately 4500 addi- 
tional tons have been tapped yearly since the instru- 
ment was placed on production control; it has 
duced cost of analyses; and it has reduced the 
oratory force. 
The ARL Production Control Quantometer is be- 
ing used for the determinations of nickel, chromium, 


H. C. BROWN is works chemist, Butler div., Armco Steel Corp 
Butler, Pa 


spectrometers 
nas 
This method of 


>t 


we 


tantalum, 
these types 
mad ‘he instrument 1s 
ilicon, man- 
tin, copper, 


eral carbon 


ic procedure Nas 


OY 


roducibility study 
rd samples 304 stainles 
a I 

standard for a perl 

) weeks 1e o standard samples 
mium 


low- 


studle ad we 
samples were sparked 
1es on 24 different occasions for a total of 96 
sparkings. The calculated average 
f chromium in the stainless steel sam 


the reproducibility 


silicon in the low-alloy steel sam} 
was calculated for each element and f 

0.068 pet for chromium and +0.027 pet 
con If the average of fou! I 
which is the number used for daily routine ana 
sigma for each element would be as follows: 
mium, +0.014 pct. The co- 
efficient of variation based on the 96 individual 
samples was found 


sparkings 1s use 


+0.034 pct: silicon, 
sparkings of the two standard 
to be 0.39 pet for chromium and 0.88 pct fo1 silicon 
Inasmuch as most of the variable conditions usually 


associated with the quantometric procedure were 
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> 
3 
During the pa phot 
lustry. 
IS rep 4 l ? 
} 
photograpn 
by H. C. Brown 
HILE still in ies direct-readir manganese, silicon, and molybdenum on the prelim p< 
ol] ctainle heats On dle tests 
} l I r\ Sts O Stall Ss steel Neat mh 
method of analy: ¢ ¢ t} Jeterminations of 
th strumen is isea IO! ne aetermination: 
standpoint of accuracy, operating costs, furnace time the instrument is_ us¢ 
saved. freedom from breakdowns, and reduction in manganese, silicon, copper, iead, Un, ah mol 
t n I ll I t ] rades ind r ickel and 
y wor n nemphasis of a to qaenum on ali Stalniess stleei ana 
m on most of the Stalniess steel graaes 
Jirect-1 ling suipment o: ee ftac- chromium on most or te 
direct-reading equipment n th 
nats +} higher a vit rades. such as Types 309 and 
and reduction in man ] 310. nickel and chromium are still run chemically one 
accuracy on the ladle tests. Aluminu! a 
tl ements 1n tungsten, and cobalt are 
at s the Ap- of stainless steel Neats are pe ae 
tion Con- also used in reporting fina en 
sane 
t e installa- ganese, chromium, nickel, ! ae 
i i al 1inun n all low-allovy and 
t orp. ana and aluminum on all 1lOW-ali0y ana sey cg 
grad 
( steel grades 
id | 
n and line = 
ll not be 
I ea by the ot 
The precision of the quantometr 
of break- been determl! 
d ntrol five of two stand: 
steel; the ott gal 
tained on the 
¢ | 
proximately 
were repre 
fv 
past Ive 
in the 
four ti 
individ 
cen 
| 
| 


encountered during this period of study, the repro- 


bility data for the two elements are 


believed to 


resentative of those t be expected over 


Accuracy 


In orde 


Table |. Standard Analytical Tolerances for the Armco 
Analytical Laboratories 


Element Range, Pet 


Table ||. Comparison of Quantometric Results With Referee 
Chemical Results on Stainless Stee! Heats 


Avge Devi- 

ation from 
Ave Concen- Chemical, 
tration, Pet Pet 


No. of 
Samples 


Concentration 


Element Range, Pet 


Table I11. Comparison of Quantometric Results With Referee 
Chemical Results on Low-Alloy and Carbon Steel Heats 


Ave Devi- 

ation from 
Ave Concen- Chemical, 
tration, Pct Pet 


No. of 
Samples 


Concentration 


Element Range, Pct 


1.09-3.36 2.66 
0.069-0.43 0.17 


0.028 
0.005 


agreement with the Research value within the estab- 

lished tolerance 
The accuracy of the quantometric method has 
been determined by comparing the routine results 
obtained daily on the Quantometer with the results 
obtained by Research using referee chemical meth- 
ods. A comparison of the results is shown in Tables 
id Ill. The tables include all the data obtained 
analvzed bv the Research 


+} 


vears for the ele- 


] Nickel (stainle: 
446) two quantometric 
0.020 t Ni from the 


per (all stainless steel 


chemical val 


ies fell within +0.020 pct 


Lalniess 


within 
t of 43 


seven 


\ eel types) 
ples in which Mn was less than 0.10 pct, 
ieviated by more than +0.005 pct from the 


Dies 


1iemical values. Of 48 samp 


than 0.10 pet, only two sample 


es in nganese 

as greatel 
re than +0.01 pct from the chem 
Manganese (carbon steels): only one 
value varied by more than +0.02 pct 


value 


The data presented in the tables inclu 
from a number of variables, such as chemical errors, 
_ excitation errors, and segregation 
to obtain the degree of accuracy 
another 


closely controlled; some of 


study, of variables 


group 


these are as 


) Sampling, 
) Procedure in selecting and standardizin 


2 g sam- 
ples to be used as standards, 

3) Surface preparation of standard and unknown 
samples, 

4) Sharpening of graphite electrodes and elec- 
trode cutters, 

5) Photo-tube characteristics, and 

6) Standardized maintenance 

It is believed that good control over this last 
of variables has been obtained. For instance, durin 
1953. which was the first full year of operation for 
the Quantometer, 83.9 pct of the quantometric re- 
sults on stainless steel agreed with Research Referee 
results within the allowed tolerance. This percentage 
gradually increased during the next four years, hit- 
ting a peak of 96.6 pct during 1957 


group 


Summary 


The use of the ARL Production Control Quanto- 
meter for the analysis of stainless, low-alloy, and 
carbon steels has been discussed. The study covered 
a five-year period, during which time the quanto- 
metric results were compared with referee chemical 
esults. The referee chemical results were deter- 
mined by the Armco Research laboratories through 
the company’s check analysis system. The results 
shown in this paper prove that the ARL Quantomete! 
can be used with a high degree of accuracy for pro- 
duction control analyses. 


be quite rep LS 
a long-term operation 
MEE to determine the accuracy of the ladle 
test values reported | the KS laborat es 
j necK analy system was initiated at Arm«c about 
25 ye go. The present system involves monthly _ laboratories during the past five mies 
‘ check analvses by the Armco Research lal stories ments studied in this paper 
f selected determinations from an entire davy’s pr¢ The following are some of the deviations from 
. duction of heats and casts from each of the Armco wet chemical values that were obtained 
WOrK 
\ " teel types 410, 430, 430 Ti, 
: i ba for determining when a particular value 
. wan 1 particular value values varied by more than 
stand 1 analvt h tablish 
<i i ‘ ai ii Uitlal t ii SLaiWii rit 
T as bee iblished 4 ( pes): all quanto- 
able I show the allowable tolerance for the ele- 1 . } } 
sowable tolerances for th metric val Cu of the chem- 
ments discussed in this paper. The tolerance per- 
centage esent, a 1 the type eel Invoivea 0 7 
I values except one fell f the 
example, the tolerances permitted for a high-alloy 
I chen value 
steel, such as stainle are metimes greater than 
those for plain carbon s eel. The valu eported Dy 
the works laboratory is called in error if it is not in 
4 
} 
chemical 
Toler 
ance 
St Stee 
49 0.02 
4 49 
249 + 
29 must b 
9 2 
‘ ) ‘ follows: 
Mo 1 1.99 4 
2 4a 
N vA 
{ 
Ni (hig? 6.00-7.99 7 . 
399 0.08 
( 499 i 
29 99 0.1 
Low A nd ¢ b Steels 
MI 9 ( 
7 Q { { 
0.4 19 0.02 
s 02 
2 99 
00-5.99 0.04 
¥ 
148 Mr 0.22-2.00 0.71 0.016 
128 S 0.21 86 0.54 0.013 
Cu 0.1 22 0.17 0.006 
11 \ 2 00-2.36 2.19 0.035 
92 N 6.86-10.72 8.7 0.068 
176 Cr 12.55-23.32 17.63 0.076 
| 
115 Mr 
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Metallurgical Society Plans Inclusive Annual 
Meeting Program in San Francisco 


An outstanding technical progran Joint Institute of Metals—Extractive 
s planned by The Metallurgical So- Metallurgy 

iety of AIME for the Annual Meet- Be Me ‘ 
ng in San Francisco. Session titles 2 Plut Met gy | 


ana are given below 


Joint Extractive Metallurgy—tiron 


and Steel 
Sunday Afternoon, February 15 
Metallurgical Society Continue page 822 
AIME Awards for 1959 
Presentation Announced 


1. Critical Issues in 


Education 


the Comn 


(Session organized 


ittees on Education and 


the Metallurgical Professior 
T t ilO ng men nave beer st 
Monday Morning, February 16 ected for 1958-1959 AIME awards t« 
Institute of Metals dicated 


l. “Interfaces and Surfaces 


2. Session on 


William Lawrence Saunders Gold 
Medal, 1959 to John B. Knaebel. 
AIME Annual Febr ] 


based research ab- 


stracts Banquet ary 


Joint Institute of Metals—Extractive 


Anthony F. Lucas Gold Medal, 
Metallurgy 


John T. Hayward, AIME A: 
t. February 18 


1959 te 
1. Plutonium Metallurgy I nual Banque 

Benjamin F. Fairless Award | 
J. L. Mauthe. AIME Annual Banquet 
February li 


Extractive Metallurgy 
1. Lead 18 


Iron and Steel 
1. Iron Ore Reduction 


Rossiter W. Raymond Award, 195% 


to John J. Gilman. Metal): 


urgicai 
Dinner 


February 17 


CleLy 


Monday Afternoon, February 16 Mathewson Gold Medal to John J. 
Gilman. Metallurgical Society Din 


Institute of Metals ner. Febru: 7 


n iry 
1. Observations of Dislocations (Continued 


» 297 
on page s<l 


To the Members of the American Institute of 
Mining, Metallurgical, and Petroleum 
Engineers, Inc.: 


The regular Annual Business Meeting of the 
Tuesday afternoon, the 17th day of February, 
Institute Session at the Annual Meeting of the 
Francisco. 


Institute will 
1959, following the 


Institute in 


Fifth Volume 
of Nuclear Metallurgy 
Published 


The Metallu: gical Soc lety of the 


AIME has published Volume V of 
Vet gu It contains 


ision 


*leve- 


by 


al 


Meeting in 


“eramiu Fue 


ide ra if ¢ 

Elements by Swaging, by D. R. Sten- 
t ar R neetti: Fabrication 
? ” P e-Tyupe Elements 
{ ntaining Uri im D ( ride As the 
by S. Il. Megeff and J. L. Zam- 
t na Pri pe rties of 
m-Z niu? Hydride Fuel 
Elements tor T ga Reactors. by 
W. P. Wallace, M. T. Simnad, and 
B. Turovlin; and Fabrication of Iron- 
iluminum-Chromium Alloy Fuel 
Plates. by B. King, J. Neri, and F. G 
Tate. Copies of the entire volume 
vy be ordered from AIME, 29 
West 39 St N Y Price $6.00 for 

n-members; $4.00 for members 


Bylaws Available 


Amended bylaws of The Metallur- 


g Society in multilithed form are 
i able to any member who re- 
ests tl As an economy meas- 


re, they are not being reproduced 
n JOURNAL oF METALS, freeing the 
space for items of greater interest 
The bylaws of the three divisions, 
Extractive Metallurgy Division, Iron 


and Steel Division, and Institute of 
Metals Division, have all been re- 
vised since reorganization of AIME, 


in order that they conform with the 
bylaws of The Metallurgical Society 
Copies of division bylaws are avail- 


abie upon request 


Bylaws of the Council of Educa- 
tion, an all-Institute organization, 
ire also available in multilithed 


for 
iorm 


Requests should be addressed to 


Secreta ry 
The Metallurgical Society of AIME 
29 West 39th Street 


New York 18,N.Y 
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> ios + 
have been a inced by the Pro- pape Symi il | 
grams Committee of the three divi- Extractive Metallurgy e Institute of Metals Di = es 
SiONS, ses- 1. Copper Society's Fall 
sions will be held at the St. Francis ana ee 
Hotel, unl therwise noted ee The contents of the volume in- Bey 
be 
All 
we 
} 


business until the shipyard was sold 

to the United Dry Docks Inc. In 1929 

his connection with the 

industry to become vice 

id treasurer of St. Joseph 

became executive vice 

president 1846 and president in 
1947 

United Engineering Trustees Inc 

block front be- 

48th Sts. on the 

*laza for the con- 

a 20-story Engineering 

st of which is roughly 

$10,000,000. Their pres- 

st 30th St. will be 

ng Societies Li- 

nto the new Center 

able to expand the 

lready made it 


lic engineering 


benefits of 

in 1e new En- 
as wide spre ada 
as possible, the 
extended invita- 


Andrew Fletcher Elected t r engine 
New UET President | Thor- 


respect, the 
Fletcher 


A. FLETCHER 


Andrev president in addition 


space for 
respo! ties as a cafe- 
United neeting rooms, 
hall, suitable 
ajor exX- 


aqavance 


Mechanical 
Working Committee 
Symposium 


Mechanical 
Symposium will 
. and aw: i? t 1 Januar, 1, at the Del Prado 
F Rand Gold | lal in 1957 for “di otel. Chic: T Symposium will 
nguishec ministration in be p y the AIME Chi- 
ferrous mining allurgical en cag : on, and the Iron and Steel 
terprises.”” He Metallurgical Society 
Industrial Hygiene 
America, vice president and 
urer of the American Mining Con- 
gress, and past president of Lead In- 
dustries Assn 
Mr. Fletcher 
presidency of 
Trustee Inc. is i ra witl 
belief in public servi i aii WEDNESDAY, JAN. 21, 1959 
denced by iti lis home 6:00 an Registration 
community Mendham, N. J., Main Ballroom Lobby 
where he is member of the Coun- 9:15 am to 12 noon Main Ballroom 
cil. trustee ibrary. and trustee Symposium on Factors Affecting 
Shape and Surface Texture of Hot 


of the Pres i 
tended the Hill School and Cold Rolled Products. 


Pa., and graduated from the Shef Ch: 
field Scientific School. Yal ; 
Inland Steel Co., and Howard Kaeff, 

honorary degrees General Superintendent, Flat Rolled 
Youngstown Sheet & Tube Co., 


Program 

TUESDAY, JAN. 20, 1959 
acceptance of the 6:00 pm to 9:00 pn Registration 
J Engineering Mair Ballroon Lobby 


Irmen 


received three 
engineering and law Aix 
After a vear in the Harlan and Ch 
Hollingsworth shipyard at Wilming- 
ton, Del., as a mechanic, Mr 
went to Baltimore as a foreman for 
the Baltimore Dry Dock Co. In 1918 
he became secretary of the W. & A 
Fletcher Co., Hoboken, N. J., and in 
1924 was in direct charge of the 


Factors Affecting Strip Profile in a 
Hot Strip Mill, J. G. Sibakin, Divi- 
sion Metallurgist, Development and 
Special Duties, J. R. S. Ride, De- 
velopment Metallurgist, and W 

(Continued on page 821) 


letcher 
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1959 AIME Publication 
Prices Are Determined 


The following ‘ice information 
n announced for AIME pub- 
Feb. 1, 1959 


AIME Trar 


rat 


nade sepa 
$4.90: Meta 
$4.90 
other journé publis! 
Soci 1S desired 
he 
pon pavment 


AIME Society of 


AIME n 


is $5.00 


Dr. J. H. Hollomon 
Recipient of 
Rosenhain Medal 

Dr. John H. Hollomon was pre 


sented the 1958 Rosenhain Medal on 

Tuesday evening, October 28th 
Awarded annually by the Insti- 

tute of Metals, of London, England 
» medal is bestowed on |! ividuals 


con- 


ave 


R. A. Wilkins, 
of Revere Copper and Brass 
presented the award 
Hollomon is manager of Ut 
Metallurgy and Ceramics Research 
Department, at the General Electric 


Laboratory 


the 


J. H. HOLLOMON 


If payment for sactions 
—_— volumes is made with dues, the cost 
, i per subscription is Mining, $3.50 
| 4 ay Metal $5.00: and Petroleum. $3.50 
I ly, the 
eg u (to the 
j 4 ne ice the 
4 one ol ne nne } cost $4.00 
centralized activitie ournal to which you are now sub- 
Center t scribing costs $8.00 
group of engineer Petroleum Statistics: Volume 12 
published in December 1958, costs 
$7.50 if paid with dues, $10.50 if 
ordered later 
Bimonthly Transactions of The 
Metallurgical Society of 
ber subscription price Hii 
St. Josey I 
the additiona 
president of 
Trustees Inc 
Founded in ] 
engineering arts and ence tne nioitior of tecnnical progress 
United Engineering Trustees In 
represents the five profe onal so- 
cietic of the major engineering 
’ branches with three board member 
from each. The Corporation direct 
the research programs of the Engi- 
neering Foundat wel man 
who heme made outstanding mam 
tributions in the field of metallurgy 
| The official presentation was made 
during the Fellowship Dinner held “| 
. by the Institute of Metals Division 
of The Met ir ety of 
| 
aus 
i 


Buffalo NOHC Section 
Holds Annual Meeting 


The Ninth Annual Meeting of the 
Buffalo Section of the National Open 
Hearth Steel Committee was held in 
the Hotel Statler Hilton, on Tues- 
day Nov ll, ] 158 

The program included the pre- 
sentation of the McKune Award 
papers from the Buffalo Section, and 
a trip to the Ford Motor Co. stamping 
plant at Woodlawn 

Mr. Floyd Eckhart, assistant gen- 
I er, Lackawana Steel Plan 
Bethlehem Steel, presented in an 
after dinner talk, his Personal Ex- 


based on a 


Tennessee Coal and Iron 
Host to Southwestern 
Section, NOHC 


The Southwestern Section of the 
National Open Hearth Steel Com- 


et ommorl Known as ine 


Globe Trotters ourneved to Bir- 
mingham, Ala., for the first time 
he Tennessee Coal and Iron Divi- 
sion of United States Steel Corry 


Shown chatting at the guest table during the September 27th, Annual Columbia Falls 
Meeting held jointly by the Montana Section and the Anaconda Aluminum Co.'s technical 


. Oct ber th ar - Oth, at the Din- society were, left to right: the featured speaker, Mr. Lee Holscher, coordinator of produc 
kler-Tutwiler Hote in Birm ngham tion work for Kaiser Aluminum Co., Trentwood, Wash; and Mr. E. O. Woster, general 
A — registration of 119 was re- superintendent, Anaconda Aluminum Co., Great Falls, Mont., who gave the welcoming talk 

sohistete Fifty-three members attended this special event which was held at the Anaconda Aluminum 


Co.’s Employees Club at Columbia Falls 


ontference Held 


Energy and The Production f Metals Ex} itory ¢ 


Iron Division. Visits were made to Metals was the topic of Dr. L. M In Lov n. Dr. Eleguera was the 
the open hearth furnaces, blooming Pidgeor guest speaker at the Oc Pet in government representative 
milis, strip mills, and tin mills. The tober Ist dinner-meeting of th to the United Nations conference on 
Fellowship Dinner, which followed Niagara Frontier Section, held at nonferrous metals recently held in 
a social hour. was through the cour- the Treadway Inn, Niagara Falls London, England 
tesv of suppliers. Serving as toast- N.Y. Dr. Pidgeon is Head of the De- i — 
naster was B. R. Queneen. Tenne partment of Metallurgica Engi- The Montana Section met on Oc- 
see Coal and Iron Division, United neering at the University of Toront tober 22nd in the metallurgy build- 
Stat =f ae C ee Fa ein’ “Al; Toront ada At the business g of the Montana School of Mines, 
Speaker of the evening was Lewis L meeting, the Nominating Committee = = B Mont. Mr. Murl H 
Gober chief of the engineering for Officers and Directo! was Ciul nt “hi 
branch, Industrial Division, Army chosen. They are: Chairman, D. T i Co 
Ballistics Missile Agency, Redstone Hilty, Metals Research Laboratories 


speaker. He supplemented his 


Arsenal, Ala. His topic was The Bal G. B. Michie, Electro Refractories guest 


tic Missile Weapon Syustem—tTesti- and Abrasives Corp D. L. Clark, = 
. sound color film entitle > Erup- 
mony of Today's Technology Simmonds Saw and Steel Co.; E. A hy n 
T Gietzen, Bethlehem Steel Corp tion of Kilavea Volcano. On Novem- 
echnical sessions got under way ber Ist. the Section met for cock- 


tails and dinner at the Marine Room 


on October 10th, with Dr. B. R. Que- G. L. Cox, International Nickel Co 


irt *orn “pejt 
neau, program chairman, serving as and M.S. Burton, Cornell University of the Schell Town House. Great 
the session chairman. He was assisted Fal Mont. The featured speaker 
iiis a Vii > 
— It an Sixty-five members and guests of Mr. Ed Woster, discussed Aluminum 
‘ we Lima-Peru Section heard Dr. Juan Production. Mr. Woster is general 
superintendent o rs Stee — 
a rer on E. Elguera, legal advisor to the Cerro superintendent of The Anaconda 


Pir de Pasco Corp. in Lima, Peru speak Aluminum Co Columbia Falls, 
irming lam ‘ 1e first paper, Veor on The United Nations Nonferrous Mont 
idation and Pouring Practices for 


Mechanically Capped and Rimmed tion of statistics and quality con- the hydrogen content of steel. Vac- 
Steels, was co-authored by Marcel trol techniques to steel productior uum degassing equipment was de- 
Tarris and L. Pucker, Granite City A paper on Vacuum Degassing of signed to operate at 0.1 pet of nor- 
Steel Co. Messrs. Tarris and Pucker Steel was given by John Hornak of mal equilibrium pressures. This 
described the use of bottle-top ingot United States Steel Corp. Having es- equipment has no refractories, no 
molds at their plant. Open Hearth tablished the fact that hydrogen water cooling, and produces steel of 
Applications of Statistical Methods, contributed to the thermal flaking 1.5 ppm or less of hydrogen. Under 
by A. L. Raich, Colorado Fuel and of rotor forgings, Mr Hornak the heading Progress Report on 
Iron Corp., described the applica- pointed out the need for controlling Continued on page 821) 
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AROUND THE SECTIONS 
recent trip to Russia ; Vy 
: 
served as the ost for the 2lst An- evis. 
with a plant trip to the Fairfield Bet 
/ 
= 
& 


9:00 am 
Session |—introduction and Theoretical Aspects of 


Stress, Corrosion, and Fracture 


Chairman 


Remarks on Gagectives of Conference: 
Dept. of Engines g Phy Cornel 


Brief 
R} 


New Perspectives in the Stress Corrosion Problem: 


Me ++ 


Dept I aliul 
Technolog. 


H H U} Ma acnuse 


In tit ite 
Characteristics of Stress Corrosion Cracking: 

Dana, Engineer Researcl Laborator E 

Pont de and 
Fracture: 
il Electric Cx 


to 


Gener: 


Relationships of Microstructure 


Gilman, Research Laborator 


2:30 pm 
Session I|—Experimental Aspects of Stress, Corrosion, 


and Fracture 
Chairman: 


Crack Propagation in Ductile Crystals and Its Bear- 


ing on Stress Corrosion: A. J. Forty, Dept. of Phys 
Br t Univer ty 


Eng 
Ne- 


A. Niel 


I iu Pont de 


N 
E 


Role of the Corrosion Product: sen 


ng Research Laboratory, 


Cc 


Nee! 


Effect of Stress and Environment on the Microtop- 
of the Corrosion Product: FE Gulbri 
i © ipor Research Labor: ry West- 


Electric Corp 


inser 


ology 


9:00 om 
Session I1|—Physical Metallurgical Aspects of Stress 


Corrosion 


Chairman: 
Westingho 


Effect of Composition on Stress Corrosion Cracking 
Alloys Containing Nickel: H. R. Copson 


of Some 
International Nickel Co 


Rese h Lat 
saeieanu 


Propagation of Stress Corrosion Cracks: C 
Co 


Research Laboratory, Tube Investments 


Dependence of Stress Corrosion Cracking Suscepti- 
bility on Age-Hardening in a Copper-Nickel-Sili- 
con Alloy: W. D. Robertson, I. G Grenier W. Dav 
enport, and V. Noll Dept. of Metallurgy, Yale 


and Comments on Conference: L. R. Sharf- 


ary 
Atomic Pt Div Westinghouse 


Bett 


Summ 


wer 


he discussion nature of 

partici- 
registration 
of the 


nference, avail: 
400. Inquire 


e airecte prom 


pre- 
Chairman 


a 


Relationships Between Stress and Chemical Poten- 


Horne, and M 


In 


tials: Ling Yang, C. T Pour 


G 
Dept. of allure, ‘ 


irnegie 


ne gy 
on Surface Behavior: 


cn, Research 


Effects of Solid Structure 
d G _Eh I 


* 


Annual Banquet 
bers of the 
main- 
50 


Each year at the 
in February 
AIME who 
tained their m 
given 
seated a 
guests of the Institute and 
to the membership of the 
Honor. Thoss 
status in 1959 


those men 
continue 
p 


ition 


nave 
years 
They 


embershi 


are special recogr 


are table as 
added 
Legion of 
will hieve this 
follows 


t the head 


are 


who ac 


are as 
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D 


Laboratory 


AIME Names — Class Legion of Honor List 


H 


lliam R. Bitler 


Metallurgical Engineering 


frment 


irnegie Institute of Technology 


13, Pennsylvania 


* 


Mortimer F 

nectady, N. Y 
Smith, H. DeWitt 
New York 
E.K 
Los Angeles 
Wolf, Albert G 
Houstor 


Soper 


- 
| Program on Stress Corrosion Fract Technical Conf 
. The Technical Conference on Phy Met au of 
titute, Pittsburg! n Thursday and Friday, April 2-3 
ie 1959. The Conference will be ponsorea vy the Corro- 
rhe n-Resistant Metals Committee of the Institute of 
Meta D The Metallurg il Societ f the 
Amer Institute Mining Meta irg i ir 
‘ ‘ Nation H. H. Uhlig, Dept. of Metallurgy, Massachusetts In- 
i i la i - 
n Encgir nel 4 stitute of Technology 
Materials. The Pittsburgh Section of AIME will serv a 
ihe ft gran ne nierence gened t - 
le a bt | i presentatior na a ] n ol 

mour nd 

r 

The meeti be f the i n type The 

Pape! A pret ntedq f na ‘ 

the progran \ illotted tft ind ex- 

uss pr din | ngs to be tibu 
nw nted in Pr eeding t list puted 

G. M. Pound. Dept f Meta gv. Carnegie Institute Eng- 
of Technology 
ll Ur 
ste 
Electric Corp 
Because {i the emphasis on t 
the Cx ie faci 
4 pants reg 
hould ptly t 
Arrangements Committee 
Pittsburgh 
Alle Rov # Irw David D Ruggles, Guy H 
B ( f Winnetk I Cananea, Mexico 
B ft. Hov i Jack Herbert E Rutherford, William P 
Ne Rochester, N.Y G S tland 
B HA Jenks, Norman I 
B har N », € umbia 
Buret Lassiter, Robert G 
P Wasl ton, D. ¢ Ashe City, N. ¢ 
Buse ee McAuliffe, Eugene 
Bu ngame, ¢ if Or h Neb 
Herz, Nath McCart, Robert, Jr 
Lead, S.D Forth Worth, Texas 


United States Steel Corp. reported 
AIME Awards 


nent at South works 


Continued from page 817 in Chicago, in which a basic fur- 
104° 

lace perati since 194 nad 


J. E. Johnson, Jr. Award, 1959 t in 
Clarence T. Marshall, Metallurgica! 1958. as pposed to an average of 


Society Dinner, February 7 6923 heat pe ¢ nace with ca 
Robert Peele Memorial Award, nstruction ring the same time 

1959 to F. R. Jones. Mi: ind Ex ntervat 
ploration Division Luncheon Fet Phe afternoon chairmer re 
uarv 18 Loren Wright iperintend of 
tee proa tion tepul Steel 


Extractive Metallurgy ; Division Cort Gadsden, Ala.. and Steven 
Award, 1959 to W. A. Krivsky and Penny iperintendent of open 
R. Schumann, Jr., Extractive Meta hearth. Fairfie 


lurgy Division Lur Februat nessee Coal and Iron Divisior 


* ent 
Robert Lansing Hardy Gold Medal, 
1959 to Norbert F. Neumann. T! 
ward will be presented at 2 meet ! ng of S ed Er es 
ng of the St. Louis Sectior his company. Mr. Crouch pointed out 


Howe Memorial Lecturer, Clar- onstantly improved and } SSE 
ence E. Sims. Certificate presented at advanced throug! hanging tech- 


the lecture, Feb: 7 


turer, 1959 to Frederick Seitz. Cert Ey 
hicate resented at the ecture Fet 

ate | tends a 40-1 e on instructiona 

rua 

‘ ‘ 
Daniel C. Jackling Award and ecor 1 tizensnhip 


Lecture, 1959 to Ralph S. Archibald. Tw pape! were presented n 
Mining ind Ext ratior Div Oper Heart} Gunning 


Luncheon, February 


guns” to repair open hearth fur- 

Cedric K. Ferguson Medal, 1958 + naces at Lone Star Steel r 
Jim Douglas, Jr., Philip M. Blair, than lvantages: 1) greatls 
and R. J. Wagner. This award wa nerenend lity of repairs: 2) de- 
prese PE creased time 3 aecreasea 

October 7 

— juantity f materials used; 4 
John Frankiin Carll Award, 1958 creased WV f furnace crew, and 
to Ernest O. Thompson. T ward tap es Kept t aesiranit 
Was also presented at the SPE fall S1Ze Expe ence al Gary M AS 
meeting on October 7 United States Steel Corp n using 


Hal Williams Hardinge Award, was described in a paper written by 


posthumously awarded to Oliver Orville Hanif i. and in his absence 
Bowles. Presentation to be made t jue to illness, read by Samuel Mule- 
Mrs. Bowles in the spring of 1959 tick 


JOINT AWARDS Handlir at lorad Fi 


John Fritz Medal, to Mervin J. handling slag with outmoded equip- 
Kelly, presented at AIME cerem¢ ment : 


—— by the use of diesel-powered traile 
Percy Nicholls Award, 1958, to trucks which hauled the pots 

Willibald Trinks, presented at the rectly from the pouring pit to the 

AIME-ASME Joint Solid Fuels Con slag dump. This cycle takes only 15 

ference, October 9 mi nsteaad ol 1 time nterva 

to! neasured in hours. Thus, a 

Alfred Nobel Joint Prize, 1958 to serious bottleneck was eliminated 


G. Farmanfarma. Presented at AIEE A panel discussion, Correct Baling 
ceremonies f Scrapped Automobiles, led by 

W. S. Storey of the Institute of 

Scrap Iron and Steel Inc., marked 

the first time that scrap dealers have 
Southwestern, NOHC appeared on a tec hnical program be- 
fore open hearth operators. Scrap- 
ping of automobiles was demon- 
strated by use of a model, and the 
research on scrap handling, initiated 


Memorial Institute, was 


(Continued from page 819 


Basic Construction n the 
Hearth, two additional papers were 
presented. A. H. Sommer of Key- at Battelle 
stone Steel and Wire Co. reviewed also described 


past operating experience and prog- 


Open 


Responsible for arranging the 
ress in the use of basic brick in open 2-day meeting was George Gros- 
hearth construction in the US and venor, chairman of the Southwestern 
Canada, and summarized the work at Section, and open hearth superin- 
his own company. R. N. Ames of tendent, Colorado Fuel and Iron 
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Pueblo, Colo.; L. D. Yager, 
)»-chairman, and open hearth super- 
ntendent, Laclede Stee] Co., Alton, 
Ill.; N. M. Hunthausen, secretary- 
treasurer, and assistant sales man- 
iger, Mexico Refractories Co., Mex- 
co, Mo.; and Harry Hausner, Jr., 
assistant secretary-treasurer, and 
sales engineer, E. J. Lavino and Co., 
Chicago, Ill. The technical program 
J red by B. R. Queneau, 
ted by E. G. Balog, 
assistant chief quality control met- 
allurg mal uring of the Ten- 
nessee Coal and Iron Division 


Mechanical 
Working Committee 
Symposium 


Cor ed from page 818 
Sherwood, Development Metallur 
gist, The Steel Co. of Canada Ltd., 
Ont 


Influence of Hot Strip Profile on Sub- 
sequent Operations, J. F. Griffin 
and G. R. Christoph, Metallurg-cal 


U.S. Steel Corp., Pitts- 


(Jperations 


Panel Discussion, Surface Texture, 
Flat Rolled Products. W. H. Rees 
Ass I 


tal wlanagel W ide Strip 


F. F. Al Metallurgical Er 
Bethlehem Steel Co., Bet 


ineer, 


hlehem, 


Superintendent, 


E. Spangler Gary 
Sheet Tin Div., U.S. Steel 
Cory . Ind 
-00 noon Lunch (included in 


cost of registration) 
George F. Sullivan, Editor, 
Philadelphia, Pa 
Look at the 
Ih d istry 
t Main Ballroom 
Symposium on Continuous Heat 
Treatment of Flat Rolled Products 
Chairmen: 
A. Miller, Manager Tin Mills, 
Weirton Steel Corp., Weirton, W. 
Va. and M. Edge, Superintendent 
Tin Mills, Tennessee Coal and Iron 
div., U. S. Steel Corp., Birming- 
ham, Ala 
Continuous Normalizing of Flat 
Rolled Products, D. C. Osborne, 
Assistant General Superintendent, 
Armco Steel Corp., Middletown, 
Ohio 
Continuous Strip Annealing, D. J 
Blickwede, Research Metallurgist, 
Bethlehem Steel Co., Bethlehem, 
Pa 


Spe aker 


THe AGE 
} 


Insider's 


ou 


nN 


2-00 pm to 5:00 pn 


(Continued on page 823) 


af 


tag 
“ae 
ae 
In the 
Jr 
Ka 
Sas 
rience, 
en- 
eA 
tee 
f 
(reat Lakes oteel Corp., 
Ecorse, Mict 
W. R. Weir, Chief Metallurgist, Do- 4 
minion Foundries and Steel Co., Bi, a: 
Ltd.. Hamilton. Ont.. Canada Bete 
Pa 
J. A. Ward, Superintendent, Cold Re- se 
duction and Tin Mills, The Steel a 
C of Canada, Ltd., Hamilton, ia 
S. Daily, General Foreman, Finish- er 
ing, No. 3 Cold Strip Mill, Inland Bh ads 
Steel Co., Indiana Harbor, Ind ‘a 
} 
and Iron 
= 
ae 


Fall Meeting Program 


(Continued from page 817 
Tuesday Morning, February 17 


Institute of Metals 


1. Two sessions based on research 


abstracts 


Extractive Metallurgy 
1. Electrolytic Extractive Processes 
2. Symposium on Gases in Light 


Metals 


Iron and Steel 
Basic Oxygen Steel 
2. Howe Lecture 


Tuesday Afternoon, February 17 


All-Institute Session (Palace Hotel) 


Wednesday Morning, 
February 18 


Institute of Metals 
1. Two sessions ba:ed on research 
abstracts 


2. IMD Annual Lecture 


Extractive Metallurgy 

1. Zine 

2. Occurrence Beneficiation and 
Separation of Rare Earths 

Joint Extractive Metallurgy—tIron 
and Steel 

1. Kinetics of Liquid Metal Reac- 
tions 


Wednesday Afternoon, 
February 18 


institute of Metals 

1. Seale Effects on 
Properties 

2. Session based on 


Mechanical 


research ab- 


+ +t 
stracts 


Extractive Metallurgy 

1. Rare Earth Metals 

Joint Extractive Metallurgy—Min- 
erals Beneficiation 
Cobalt—Nickel 


Joint Extractive Metallurgy—tIron 
and Steel 
1. Application of Phase Equilibria t 


Metallurgical Systems 


Iron and Steel 


1. Steelmaking Technology 


Thursday Morning, February 19 


Institute of Metals 

1. Alloy Strengthening at Elevated 
Temperatures 

2. Session based on research ab- 
tracts 

Extractive Metallurgy 

1. Refractories 

2. Chlorination Processes I 


3. First EMD Lecture 


Iron and Steel 
1. Basic Science of Steelmaking 


Thursday Afternoon, February 19 


Institute of Metals 


1. Alloy Strengthening at Elevated 
Temperatures 
2. Session based on research ab- 


stracts 


Extractive Metallurgy 


Chlorination Processes II 


Joint Extractive Metallurgy—Min- 
erals Beneficiation 


1. Uranium 


Joint Extractive Metallurgy—tron 
and Steel 


Pvyrometallurgical Processes 


Iron and Steel 
Gas Metal Researct 


1959 AIME Officers 


At the Novemebr AIME Board 
Direct Meetir the officers 
AIME tf OY, al t Di- 
rect € le 

ee-ve ‘ 

L. G Vice Pre ) 
‘ Elmer A. Jone I 
( R. |} J 

| ] ( Kir i J } ‘ 

\ J. W. W 
J S. Be Ji Chit ir 
( t 


To be sure that you publicat 
the form below and 


New York 18, N.Y 


receive 


Name 


Old Address 


New Address 


Personals: Please list below vour f 
pany or new work for use in Jowrnat 
is six weeks before date of issue 

'ormer Company 


Former Title 


New Compoeny 


Change of Address and Personals Form 


send it to The Metallurgical Society of 


nd rrespondence 


AIME, 29 W. 39th St 


Length of Time There 


PROPOSAL FOR AIME 
MEMBERSHIP 


I consider the following per- 


on to be qualified for member- 
hip and request that a mem- 
be hip kit be mailed to him 


Name of Prospective Member 


Address 


Name of AIME Member 


New Title Dote of Change Address 
Any recent ac*ivity thet would be of interest to members 
JM 
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= 
| 
company and title and your new title and com- 
or METALS Copy deadline for personals items 
; 
Tye 


Symposium 


29 
? ed trom page §?] 


Continuous Coil Annealing, Lee Wi!- 
son, Lee Wilson Engineering Co 
Cleve Ohi 

Open Discussion on Strip Cleanli- 
ness after Annealing. 


ianad 


5:00 pm to 6:00 pn Social Hour 


Park View Roon 


GENERAL INFORMATION 


Registration: $12.50 (includes cost 
ot lunch and copy of procedings 
Advance registrat i De 1 


6800A. 1g0 80.1 


Del Prado Hotel 


Blvd 


rarn in 


Big Four” trains stop 


Central and 


Mechanical Working Committee 
R. D. Hindson Chairmar 
L. Robinson Past Chairmar 
C. F. Schr: ; nal! 
R. W. Shearmar S« 


Executive Board 
Dancy M Tenenbaur 
Gietzer P. Smit! 


White 


T.E 
E.A 
E. W. Earhart Pp 
E Mal anevy 
Chicago Section, AIME 
He Ch a 
Russell Sec 
Local Committee on Arrangements 
C. F. Schrader Chairman 
= D He Co-chairmar 


OBITUARIES 


Corban (Member 1942 
May 13, 1 


Clarence L. 


passed away on 


958 


Wa 


the Iron and 

man of the Technical Committee or 
Coke Oven Practice ind a membe 
of American Iron ar Steel Inst 


tute At the time of | death 


Corban resided in Hammond 


i 


alle 


1939) 
1 Detroit. A 
Climax Molybdenum 
1934, he 


Victor A. Crosby 
died on Oct. 2, 1958 wu 
mem bel! tne 
Co., since 
the automotive development center 
He had been a member of the AIME 
section in Detroit. In 1951, he was the 


was manager ol 


John A. Penton Gold 


recipient of the 


Medal of the American Foundry- 


men’s Society, and in 1952 he was 
elected a vice president of the So- 
cietv of Automotive Engineers, Inc 


f his death, Mr. Crosby 
Detroit 


resiaed 1n 


Fritz N. 
pas 


Member 1920) 
July 24, 1958. Mr 
from Worcester 
Institute, and during his 
associated with the 


Co.. Waterbury 


Meyer 
seq away on 


aduated 


ME me ershiy n Sept. 1 1958 


3.125 Student mem- 


ADMISSIONS COMMITTEE 


J. H. Scaff, Chairman; Alfred Bornemann: 
F. B. Fol T. D. Jones; L. L. Seigie; J. M 
te desires to extend its privi- 
s t m it can be of 
‘ 
evie 
te 
s fice nes people are found 
e kn be unqualified for AIME 
€ ersnirz 
Members 
ge H. Bishop, New stle, Aus 
Ced L.. Ci ile ioboke N. J 
Ww E. D G te City, Ill 
MH E. Dix G s, New Mex 
Calif 
And ) Swe 
F T Or 
G ivie T e, ¢ f 
HW 5 Be ehen Pa 
is M W hung, N. J 
l N H “ d, ¢ f 
G M e, New Castle, lr 
G I Erie, F 
E. Ne York, N. ¥ 
E. Walte ie N. d 
W e E. W H ew 
Le Yage Sst. I M 
H.¥ Englew 


Associate Members 
t D. Bush, Kalispe Mont 


1959 AIME Dues 
Bills Mailed 


Notice is hereby given that 


iues f the vear 1959 are pay- 
able Jan 1, 1959, as follows 
Members and Associate Mem- 


t 
bers, $20: Junior Members for 
years of Junior 
>», $12, and there- 
Student Members 
luding an annual subscrip- 


tion a monthly 


journal), 


were mailed at the 
end of November. Prompt pay- 
ll assure uninterrupted 
pt of the publications de- 


] for 


1959. If, 
‘ 


son, a bill is not 


quarters should 


be notified 


Junior Members 


Lu Berkeley, Calif 

Ku Pi 

F ger 

How bi 

Rob k 

W ess 

Ernest Sci Ne 

St ev S. Shaffrar J 
Pierre P. T 


REINSTATEMENT—CHANGE OF 
Associate to Member 


STATUS 


Hughes B. Hanchett, McGill, Nev 
Junior to Member 

Sidney S. Brenner, Schenectady, N. Y 
Student to Member 

La rd F. Heising, Hibbing, Minn 


CHANGE OF STATUS 
Associate to Member 
t 3avside, N. 
James L. Scott, Oak Ridge, Ten: 
Student to Junior 
P. Hirth, Pittsburgh, Pa 


iis S. Castler 


NECROLOGY 


Date 


Elected Name 


PROFESSIONAL SERVICES 


EDWARD G. VOGT 


Consulting Chemical-Metallurgical Engineer 
Experimental Design Data Analys 

1130 Woodlawn Street, Bethel Park, Pa. 
Telephone: TEnnyson 5-524] (Pittsburgh 


H. L. TALBOT 


Consulting Metaliurgical Engineer 


Extract 


rand Refining of Base Metals 
n Cobalt and Copper 


peciahizing 


Room 911, 209 Washington St. 
Boston 8, Mass. 


MAX STERN 
Consulting Engineer 


and Shin. 


10 East 40th St 


OR. E. TSUTSUMI 


Registered Japanese Patent Attorney & 
onsulting Engineer 


PATENT MATTERS handled . TECH- 
NICAL TEXT tronsioted from Japanese 
nto English or vice versa: 2¢ an English 
word 


Centro! P.O. Box 1545 Tokyo, Japen 
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At 
Meyer gt 
Polytechni 
American Brass 
H 
Smith, La Salle Steel Co., P. O. Box a ie 
Located at Hyde 
St. All Illinois — J 
= 
sired iny rea- 
a Proposed for Membership son, received with- eh ak 
Metallur al Society of AIME 
in a ible time, head- 
ere 
P. Smith, Paul White, Earl Mahaney eas 
Rob Date of 
Frank N.Y Death 
manager of coke production tt DeLau d 1942 Clarence L. Corbar Mav 13. 1958 
land Se mim< n- Herts ew 1939 Victor A. Crosby Oct 2, 1958 
Inland Steel Ha nmond, It Robert J. O'H New York. N.Y Frite Moon 
liana. Active in AIME, Mr. Corban Se a 
wa a member ana ne-time cnair- 
man f the JOURNAL OF METALS eet ot 
Award Committee and vice chair- 
man f the Blast Furnace, Coke a 
Oven, and Raw Materials Commit- a 
tee. He had been a past president ag 
f the Western States Blast Furnace eae 
and Coke Association, and a membe! co 
of the Eastern States Blast Furnace Be 
and Coke \ tior member of 
bey 
: | 
Expert very 
king— Modernization of Plonts 
is for Fe s and Nonferrous pr 
Metal Scrap ge 
New York 16,N. Y. 


COMING EVENTS 


h Electric Furnace 
l, Detroit 


AIME 


Statier Hote 


Dec. 3-5 


Conference 


Detroit Sectior 


Dec. 8-10, AIME 


AIME Utah Section 


on on the Place of Re 


Dec. 11, 
discuss 
search in the Minerals Industries 

City 


Salt Lake 


15, AIME Utah Sectior 


is executive \ e-pre 
Galigher Co 
Feb. 15-19, 1959, AIME Ar al Meet- 


ing, St. Francis Hotel, Sheraton 
Palace Hotel, and Sir Francis 
Drake Hotel, San Francisco 

Apr. 2-3, 1959, AIME Technical Con. 
Stress Corrosion, Mel 
Pittsburgh 


ference on 
lon Institute, 


National 


Apr. 6-8, 1959, AIME 42nd 


Open Hearth Steel Conference and 
Blast Furnace, Coke Oven. and 
Raw Materials Conference, Jeffs 
son Hotel, St. Louis 

Apr. 5-10, 1959, Fifth Nuclear Con- 


and Auditorium 


gress Clevels 
Cleveland 


Apr. 22-26, 1959 AIME Florida Sec 
tion, Annual sprir eeting of the 
Metal Treating Inst Holly 
wood Beach Hote] H Vw 


Florida 
Apr. 27-30, 1959, AIME International 
Symposium on the Physical Chem- 
istry of Process Me 


Penn-Sheraton Hotel. Pittsburgh. 


Dec 2-4, 1959 AIME Cleveland Se: 


17th Furnace Steel 
Conference, Hotel, Cleveland 
Feb. 14-18, 1960, AIME New York 
Section, Annual Meeting. Hotel 
Statler, New York 
Apr. 4-6, 1960 AIME Chicag Sec- 


e & Open Hearth 
House, Chi 


tion, Blast Furnas 
Conference Palmer 


cago 
Sept. 27-30, 1960, AIME Cleveland 
Section, the Iron and Steel Exposi 
tion of the Association of Iron and 
Steel Engineers, Cleveland Public 


Auditorium, Cleveland 

International 
Conference 
York, under 
and MPA 


first 
urgy 
New 


June 13-15, 1960, 
Powder Metall 
Hotel Biltn 


joint auspices of AIME 
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Lectromeit’'s smooth-operating Nydrautic 
mechanism assures rapid accurate forward 
tilting for pouring, backward tilting for siag off. 


{wo new 100-ton Lectromelt furnaces... 
largest electric-arc furnaces in the eleven 
western states... recently replaced £as- 


2 
fired and oil-fired open hearths in a lead- 


replace open hearths... ix Wes couse see! mitt 


Now, a heat takes 4% hours or less from 

the time the first scrap steel is placed in 

increase in ot ca acit 70% the furnace until the molten steel is ready 
S p y to pour. Each Lectromelt furnace produces 

an average of 25 tons of ingots per hour 

Capacity of the plant has been boosted from 


anaes lower production costs 246,000 to an estimated 420,000 ingot 


tons per year. 


Top-charging Lectromelt furnaces are 
increasing metal-producing capacity all 
over the world. Users report higher ton- 
nage per man-hour, lower power consump- 
tion, savings in electrodes and refractories. 
Precise control possible with Lectromelt 


and more accurate alloying of metals. 


—_ For complete technical data—ask fora 


" copy of Catalog 10. Write Lectromelt Fur- 
CANADA Canetco Limited. Toronto... ARGENTINA: Master Argentina, Buenos Aires nace Division, McGraw- 


ITALY. Forn: Stein. Genova ENGLAND: Electric Furnace Co., Ltd... Weybridge 
Edison Company, 326 32nd 


GERMANY Demag-Elektrometaliurgie, GmbH, Duisburg SPAIN: General! 
Electrica Espanola, Bilbao. . FRANCE: Stein et Roubaix, Paris... BELGIUM:S.A Vas eanane® TORS Street, Pittsburgh 30, Pa. 


Stein & Roubaix, Bressoux Liege JAPAN: Daido Stee! Company, Ltd.. Nagoya 


f 
on 
® wt 


. 


wr 


Black lines show new improved 
shape of sacks—dotted lines 
show old conventiona! design 


Operating records show unmatched benefits! 


H-W C-MIX used for contour-1 n ®* HYDRATION RESISTANT —H-\V C-MIN is 


hearth and electri tee i ( tol I s high degree of resistance to hydration 


greatly reduces furnace down- 
and avoids burning-in sacrifi f refractor 

STRONG High strength over the entire range 
superstructure wit! sn sul 
margin of superior properties, costs are de- 


cidedly lower and furnac: 


greatly increased. 


@ HIGH MAGNESIA CONTENT Mace from hich ® DENSE — High density and low permeability re- 
purity seawater perl clase with the magnesia ¢ \- tard penetration by molten metal and corrosive 


tent over 927. H-W C-MIX best withstands slags 


the corrosive action of highly basic slags 
® STABLE—It is fully converted to periclase and ® ECONOMICAL H-\\V C-MIN provides the most 


has excellent volume stability with negligible durable monolithic hearths with low installation 


shrinkage at highest operating temperatures cost 


HARBISON-WALKER REFRACTORIES COMPANY 


—f’@ AND SUBSIDIARIES General Offices: Pittsburgh 22, Pennsylvania 
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